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EXECUTIVE SUMMARY

This report presents the results for the Resource Conservation and Recovery Act Facility
Investigation/Comprehensive Environmental Response, Compensation, and Liability Act
Remedial Investigation (RFI/RI) of the 881 Hillside Area Operable Unit No. 1 (OU1) at the
Rocky Flats Plant (RFP). The objectives of the Phase III RFI/RI are: 1) to characterize
surficial and subsurface physical features at the OU; 2) to identify the site contaminants; 3) to
characterize contaminant sources and the nature and extent of contamination at the site; and 4) to
provide a baseline risk assessment that considers contaminant fate and transport and assesses the
threat to public health and the environment from a no-action remedial alternative. Additionally,
the RFI/RI is to provide and develop data needed for feasibility studies of remedial alternatives

as appropriate.

The 881 Hillside Area was originally identified as a high priority area due to high concentrations
of volatile organic compounds (VOCs) detected in groundwater and to the proximity of the
881 Hillside Area to Woman Creek. In addition, concentrations of trace metals, radionuclides
(RADs), and some semivolatile organic compounds (SVOCs) above RFP background values
were considered to be the result of possible contamination from past plant processes or fallout

of airborne pollution.

Geologic units present at the 881 Hillside Area includes Rocky Flats Alluvium at the top of the
hillside, colluvium and fill along central portions of the hillside, and Woman Creek Valley Fill
Alluvium at the base. These thin surficial units are underlain by »thick Cretaceous claystone,
siltstone, and sandstone of the Laramie Formation. The upper portion (25 feet) of the Laramie
Formation is disturbed as a result of slumping on the hillside and also contains numerous

fractures.

Groundwater occurs in the unconsolidated materials, disturbed bedrock, and in the deeper coarse
beds within the Laramie Formation. Groundwater in the saturated unconsolidated materials and
the upper 25 feet of Laramie Formation occurs under unconfined conditions. This interval is
designated as the Upper Hydrostratigraphic Unit (UHSU). Groundwater occurring in the coarser
. beds within the Laramie Formation at depths exceeding 25 feet below the bedrock contact can
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occur under confined or unconfined conditions. This interval is designated as the Lower

Hydrostratigraphic Unit (LHSU).

UHSU groundwater is not present across the entire Operable Unit. Groundwater in the
unconsolidated materials typically is confined to north-south tending erosional incisions in the
bedrock surface described as paleochannels in the body of the Report. The extent of
groundwater within these paleochannels varies with seasonal changes in precipitation rates.
UHSU groundwater also occurs sporadically within the upper portion of the Laramie Formation
- within fractures and along slump block glide planes.

During 1991 and 1992, a French Drain was installed midway between the top of the hillside and
Woman Creek to intercept shallow groundwater. Based on limited water level data collected
since its installation, the French Drain appears to be functioning as a hydraulic barrier to the
migration of UHSU groundwater. The French Drain extends to a maximum depth of 28 feet
below the top of bedrock and, based on direct observations during construction, extends below

the maximum depth of saturated fractures and slump block glide planes.

The interaction between the UHSU and LHSU is limited by the typically low vertical hydraulic
conductivity of the Laramie Formation claystones. The actual rate of recharge of UHSU
groundwater to the LHSU has not been quantified. However, the typical vertical hydraulic
conductivity of the Laramie claystones (1E-8 centimeters per second [cm/sec]) is approximately
three orders of magnitude lower than the horizontal hydraulic conductivity of the unconsolidated
sediments (1E-5 cm/sec). This suggests that, although vertical migration of UHSU groundwater
to the LHSU is possible, the rate of migration is small compared with the rate of horizontal

migration.

A detailed methodoiogy was developed for determining contaminants at OU1. This methodology
involved the use of many "tools" including statistical comparisons to background concentrations,
examination of spatial and temporal concentration distributions at OU1, and evaluation of the
potential for laboratory or field-introduced sample contamination. Using this methodology,
analytes within the chemical classes VOCs, SVOCs, pesticides/polychlorinated biphenyls (PCBs),

metals, and RADs were determined to be OU1 contaminants. None of these contaminants are
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present in every medium. As expected, based on historical waste management practices,
chlorinated solvents (VOCs) and RADs are contaminants at OUl. Unexpected contaminants at
OU1 are selenium and vanadium in groundwater, and polynuclear aromatic hydrocarbons
(PAHSs) and PCB:s in surface soils. It is possible that the selenium and vanadium are naturally
occurring, but their high concentrations and the lack of sufficient data to conclusively prove their
natural occurrence have resulted in selenium and vanadium being retained as groundwater
contaminants. The PAHSs occur throughout OU1 including areas outside Individual Hazardous
Substance Sites (IHSSs) (Figure F2-13). Their distribution in surface soils is not indicative of
contamination originating from an OU1 waste source. Nevertheless, their absence in background
surface soils and frequent occurrence in surface soils at OU1 indicate they are contaminants at
OUl. Although asphalt disposed at IHSS 130 may account for some of the PAHs detected in
subsurface soils, the fact that these wastes are buried suggests they are not the source for PAHs
distributed across OU1. The PCB contamination is localized and occurs at low levels. Because
PCB contamination exists elsewhere at RFP, it is not possible to definitively conclude that PCBs

are not contaminants at QU1.

The results of the RFI/RI have identified three general areas within OU1 contaminated by VOCs
(Figures F2-9 and F2-10). These general areas of contamination include the Building 881 area,
the area in and downgradient of IHSS 119.1, and the area in and downgradient of IHSS 119.2.
Based on media-specific chemical data, the previously described hydrogeologic model, and
historical contaminant storage and release information, ai least one discrete source area has been
identified or postulated for the three general areas of contamination. In the Building 881 area,
a release of an aqueous solution of VOCs originating from a sanitary sewer line is presumed to
be at least partially responsible for a diffuse VOC groundwater plume in that area. VOC (and
RAD [urahium/americium and plutonium]) releases from drums stored within THSS 119.1 are
considered to be the source for a VOC groundwater plume in this area (and for localized
occurrences of elévated RADs in soils, i.e., hot spots, within the THSS). VOC releases
originating within waste storage at IHSS 119.2 coupled with VOC releases at the 903 Pad
(Operable Unit No. 2) upgradient of THSS 119.2 are believed to account for VOCs detected in
groundwater downgradient of IHSS 119.2.
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Releases of VOCs within THSS 119.1 appear to have occurred in the form of dense, nonaqueous
phase liquids (DNAPLs). This conclusion is based on the historical storage of waste solvents
and other hydrocarbons at this IHSS coupled with the presence of chlorinated solvents
concentrations in groundwater representing as much as 7% of the substance solubility limit. The
presence of mobile or immobile (residual) DNAPL at this location is inferred as DNAPL has
not been directly observed or measured at OUl. The observed occurrence of VOCs in

subsurface soils is limited to detections of less than 2.0 milligrams per kilogram (mg/kg).

Metal contaminants in groundwater (selenium and vanadium) generally were found to co-occur
with the VOCs at concentrations roughly proportional to the concentration of VOCs (Figure
F2-12). This is a general trend and exceptions exist. The origin of these metals is not certain
as are documented RFP wastes. Three possible origins are postulated including:
1) undocumented selenium- and vanadium-containing RFP wastes; 2) undocumented RFP wastes
with chelating or strong acid/base properties that might have mobilized the metals from native

soils or; 3) naturally occurring selenium- and/or vanadium-bearing minerals.

The extent of groundwater contamination (VOCs and metals) is limited (with few exceptions)
to areas north of the South Interceptor Ditch (roughly 1/2 the distance between the inferred
source areas and Woman Creek). One exception to this generalization is the occurrence of trace
levels of VOCs in Woman Creek Valley Fill Alluvial groundwater in the eastern portion of
OUl. The data suggest these occurrences may be attributed to the combined effects of VOC
releases at THSS 119.2 and the 903 Pad (Operable Unit No. 2).

The occurrence of contaminants in LHSU groundwater is limited to relatively low levels of
VOCs, typically less the 100 ug/€, and localized occurrences of metals, particularly selenium,

in concentrations ranging from below background to 15 times the background value of 80 ug/f.

The observed extent of groundwater contamination originating from IHSS 119.1 wés compared
with the predicted extent to confirm the accuracy of the hydrogeologic conceptual model.
Contaminant transport rates were estimated by calculating the groundwater seepage velocity and
contaminant-specific retardation factors. The observed migration distance of VOC and metal
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contamination originating from IHSS 119.1 (approximately 300 feet) falls within the predicted

range.

A similar exercise was performed to estimate the vertical migration rate of contaminants in
groundwater using measured permeability values that range over four orders of magnitude.
Agreement between the observed extent of vertical migration and predicted extent was only
achieved using the extreme high end of the measured range of permeability. Because this
permeability -is not typical of the other measured values, the concept of vertical contaminant
migration from the UHSU to the LHSU is not fully supported by this analysis. The presence
of macroscopic secondary porosity (fractures), cross-contamination during drilling or cross-

contamination after well construction may explain the presence of LHSU contamination.

In general, surface soils throughout OUl are contaminated with windblown plutonium and
americium transported from the 903 Pad Area (Figure F2-14). In addition, isolated "hot spots"”
of plutonium, americium, and uranium have been identified within IHSS 119.1 boundaries.
These "hot spots" are associated with historical waste management activities at this IHSS, and
appear to be a result of leaking drums of RAD-contaminated fluids. Surface soils in the eastern
part of OU1 are contaminated with windblown PAHs presumed to originate from road dust,
vehicle exhausts, and other combustion sources. PCB contamination has also been identified in
surface and near-surface soils in the vicinity of IHSSs 119.1 and 119.2. With few exceptions,
the widespread elevated levels of RADs and PAHs were confined to the near surface and, in
most cases, in the upper few inches of soils. "Hot spot” RAD contamination appeared to be

confined to the upper few feet of soil.

In general, contaminant migration at the site was evaluated in terms of the identified pathways
at OUl. Migration of VOCs and metals in groundwater at IHSS 119.1 is restricted to
north-south orientéd channel features incised on the bedrock surface. However, based on
available water level data, the operation of the French Drain appears to interrupt these pathways
south of Building 881 and IHSS 119.1. In the eastern part of OUl, groundwater has the
potential to migrate uninterrupted to Woman Creek; however, the contaminant concentrations
in groundwater in this area are very low relative to those at IHSS 119.1, and there is no

convincing evidence of actual contaminant migration to Woman Creek groundwater.
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SVOCs in subsurface soils are expécted to decrease in concentration with time due to natural
degradation processes. These SVOCs have a low potential for migration and should remain
confined to subsurface soils. Metals and RADs in subsurface soils are also expected to remain
immobilized in siru by natural geochemical processes. RADs and SVOCs in surface soils are

susceptible to redistribution by wind or surface water erosion events.

The Public Health Evaluation (PHE) developed a quantitative description and assessment of the
risk to public health posed by the contaminants of concerm (COCs) at OUl. The COC
identification method uses a medium-specific concentration-toxicity screen that was agreed to by
the Colorado Department of Health, U.S. Department of Energy, and U.S. Environmental
Protection Agency at comment resolution meetings. Application of the screening process yields

20 OU1 COCs including VOCs, metals, PAHs and RADs.

Risks were assessed for ten exposure scenarios, including two current exposure scenarios, four
future scenarios, and four special cases of one of the future scenarios. Of the four special case
scenarios, three assume exposure to groundwater, and the fourth assumes that the predominant

groundwater source (IHSS 119.1) and the RAD hot spots have been removed (Table ES-1).

For the two current exposure scenarios evaluated (off-site resident and on-site worker),
calculated carcinogenic risks range from 2E-06 to 1E-04. These risks are within the National
Oil and Hazardous Substances Pollution Contingency Plan (NCP) target risk range of 1E-06 to
1E-04. Hazard indices have a calculated range of 1E-07 to 8E-05, well below the NCP target

maximum of unity for both scenarios.

For three of the four future exposure scenarios evaluated (on-site office worker, on-site
ecological researcher, and on-site resident [no groundwater exposure]), calculated carcinogenic
risks range from 3E—O3 to 4E-03, above the NCP target risk range. These risks are dominated
by the inhalation of airbome particulate RADs and by inhalation of organics volatilized through
the foundation into hypothetical buildings. Risks for the on-site construction worker is 4E-07,
which is below the NCP range. The calculated range of noncarcinogenic impacts is from 1E-04

to 2E-02, below the NCP target of unit for all four scenarios.
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For three of the four additional cases of future on-site resident scenarios evaluated (assuming
exposure to contaminated groundwater to varying degrees), carcinogenic risk is calculated to
range from 6E-03 to 7E-02, and is dominated by inhalation of airborne particulate RADs and
exposure to groundwater. OU-wide risk with the sourceé removed is calculated to be SE-05,
dominated by the ingestion of PAHs. The noncarcinogenic impacts are calculated to be above
the NCP target of unity for the three scenarios involving exposure at the source, with values
ranging from 9E+00 to 3E+02. These noncarcinogenic risks are dominated by exposure to
organic compounds in groundwater. OU-wide hazard indices within the source removed are 7E-

03 and 3E-03, below the NCP target minimum of unity.

It should be noted that the risk estimates for RADs (Class A carcinogens) for the first nine
scenarios included the hot spot data using a simple average. This simple average was used to
be consistent with inclusion of the groundwater source (IHSS 119.1) data in the groundwater
data set. Due to the localized nature of the hot spots, use of an area-weighted average would
provide more representative estimates of RAD risks that may be three orders of magnitude

lower.

There are many other unquantified uncertainties, including the degree of confidence that
residential use of the site would ever be permitted. Therefore, the impacts calculated under the
on-site residential land use scenario are conservative; actual exposure, even under plausible

future use scenarios, is expected to be lower.

The overall goals of the Environmental Evaluation (EE) were to ascertain whether contamination
at OU1 may have impacted or could adversely impact ecological receptors in the immediate
vicinity. It was determined that the concentrations of VOCs in groundwater, and PAHs and
PCB:s in soils are potentially toxic to ecological receptors. However, the restricted distribution
of these contaminahts limits the duration and frequency of contact with receptors and, therefore,
limits exposure. The plant community in the QU1 IHSS area appears to have been impacted
primarily through physical disturbance and revegetation efforts. If allowed, disturbed areas can
probably regenerate through natural processes. Areas adjacent to OU1, but outside the disturbed
sites, support a native and diverse biological community, which includes several sensitive and/or

protected species. Exposure estimations suggest that while some contaminants occur at
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potentially toxic levels, the contaminated areas are not large enough to result in a significant

threat to the populations of plants or animals in the Woman Creek drainage.
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Table ES-1

Summary of OU1 Point Estimates of Risk

Total Risk
(Carcinogenic Classes) Total Hazard Index

Scenario A B2 C Total Child Adult

Current

On-Site Worker 1E-04* | 6E-07 N/A 1E-04 N/A 8E-05
(Security Specialist)

Off-Site Resident 2E06* | 7E-10 | N/A | 2E-06 1E-07 . 6E-08
(Adult) -

Standard Future

Future On-Site Worker | 2E-03* 2E-05 2E-04 2E-03 N/A 3E-03
(Office)

Future On-Site Worker | SE-09 2E-08 4E-07 4E-07 N/A 1E-04
(Construction)

On-Site Ecological 2E-03* 9E-06 N/A 2E-03 N/A 2E-03
Researcher

On-Site Resident 3E-03* | 4E-05 | 2E-04 | 3E-03 2E-02 SE-03
(Adult)

Other Future

On-Site Resident 3E-03* | 3E-04 3E-03 6E-03 2E+01 9E+00
(Adult) (Sitewide With
Groundwater)

On-Site Resident 3E-02* | 4E-03 4E-02 TE-02 3E+02 1E+02
(Adult) (Assuming
Adequate Groundwater
At Source)

On-Site Resident 3E-02* | SE-04 6E-03 4E-02 3E+01 1E+01
(Adult) (Groundwater
At Source With Public
Water)

On-Site Resident 2E-05 3E-05 8E-07 SE-05 7E-03 3E-03
(Adult) (Without
Source / Without
Groundwater)

* Risk estimates for radionuclides include hot spot data using a simple average and are overestimated.
Carcinogenic Classes: '

A = Human carcinogen

B2 = Probable human carcinogen

C = Possible human carcinogen
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SECTION 1
INTRODUCTION

This document presents the results of the Resource Conservation and Recovery Act (RCRA)
Facility Investigation/Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) Remedial Investigation (RFI/RI) of the 881 Hillside area (Operable Unit No. 1
[OU1]) at the Rocky Flats Plant (RFP). It addresses the characterization of contaminant sources
as well as the nature and extent of contamination in soils, groundwater, surface water,
sediments, air, and biota. The document also discusses contaminant fate and transport and
provides a baseline risk assessment, which consider both ecological and human health risks. The
results of the RI and the baseline risk assessment are used to develop recommendations for

remedial action.

The investigation summarized in this report is part of a comprehensive, phased program of site
characterization, Rls, feasibility studies (FSs), and remedial/corrective actions currently in
progress at RFP. These investigations are pursuant to the Department of Energy (DOE)
Environmental Restoration Program (formerly known as the Comprehensive Environmental
Assessment and Response Program); a compliance agreement between DOE, the Environmental
Protection Agency (EPA), and the Colorado Department of Health (CDH) dated July 1986; and
the Federal Facility Agreement and Consent Order known as the Interagency Agreement dated
January 1991. The program developed by DOE, EPA, and CDH in response to the agreements
addresses RCRA and CERCLA issues and has been integrated with the Environmental
Restoration Program. In accordance with the Interagency Agreement, the CERCLA terms
"remedial investigation” and "feasibility study" in this document are considered equivalent to

the RCRA terms "RCRA facility investigation" and "corrective measures stﬁdy."

The Environmentai Restoration Program is designed to investigate and clean up contaminated
sites at DOE facilities and involves five major activities (formerly referred to as phases under
the Comprehensive Environmental Assessment and Response Program). Activity 1, installation
assessments, includes preliminary assessments and site inspections to assess potential
environmental concems. Activity 2, Rls, includes the development and implementation of

sampling programs to delineate the magnitude and extent of contamination at specific sites,
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evaluate contaminant fate and transport, and perform baseline risk assessments. Activity 3, FS,
evaluates remedial alternatives and develops remedial action plans to mitigate environmental
problems identified during Activity 2. Activity 4, remedial designs/remedial actions, includes
design and implementation of site-specific remedial actions selected on the basis of feasibility
studies performed during Activity 3. Activity 5, compliance, implements monitoring and
performance assessments of remedial actions, and verifies and documents the adequacy of
remedial actions carried out under Activity 4. Activity 1 has already been completed at RFP
(DOE, 1986; 1992d), and Activities 2, 3, and 4 are currently in progress for OUl.

Activity 2 at OU1 includes Phase I, Phase II, and Phase IIT RIs. A Phase I field program was
completed at OU1 in 1987, and a draft RI report was submitted to EPA and CDH in July 1987
(Rockwell, 1987a). Based on the results of that investigation, Phase II field work was conducted
at OU1 in the fall of 1987, and a draft final RI report was submitted to EPA and CDH in March
1988 (Rockwell, 1988a). A draft Phase III RFI/RI work plan was submitted to EPA and CDH
in February 1990 (DOE, 1990c), and a final Phase IIl RFI/RI work plan that incorporated EPA
and CDH comments was submitted to EPA and CDH in October 1990 (DOE, 1990e).

Revision 1 of the Final Phase III RFI/RI Work Plan (DOE, 1991b), submitted in March 1991,
incorporates EPA and CDH comments on the October 1990 submittal. Although not required
by the Interagency Agreement, Revision 1 was prepared so that final agency comments were
reflected in a single document prior to implementation of the work. This better ensures that the
RI and corrective measures study are conducted in accordance with a plan to which all parties
are in agreement. In addition, other changes were incorporated into Revision 1 that take into
consideration an updated understanding of the site, concurrent study activities at other RFP OUs
that may impact OU1, and regulatory issues. Based on comments from EPA and CDH and on
additional data collection or evaluation requirements for the Phase IIl RFI/RI, nine technical
memoranda were brepared and attached as amendments to the Work Plan or as precursor
documents to the Public Health Evaluation (PHE). The field portion of the ecology work began
in April 1991 and ended in April 1992. The field investigations of geology and hydrology (i.e.,
drilling) began in August 1991 and were completed in January 1992.
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Environmental Restoration Program Activity 3 at OUl included the submittal of a draft FS
report for high-priority sites (881 Hillside area) to EPA and CDH in March 1988 (Rockwell,
1988b). EPA comments for both the FS and the Phase I RI reports were received in October
1988.. Written fesponses to comments on the RI and FS reports were submitted to DOE in
October 1988 and forwarded to EPA in February 1989 (Rockwell, 1989a). An Interim
Measure/Interim Remedial Action (IM/IRA) plan was developed to collect and treat
contaminated alluvial groundwater at OU1 (DOE, 1990a). The document was released for
public comment durihg October and November 1989 and was then finalized in January 1990.
Construction of the IM/IRA began in November 1991 (EG&G 1991d) and was completed in
April 1992. A final remedial action will be proposed based on Phase I, II, and I

investigations, as well as the feasibility studies.
1.1 REPORT ORGANIZATION

Section 1 of the Phase III RFI/RI report presents the purpose, background, and IHSS locations
and descriptions, and a summary of technical memoranda specific to the Phase III RFI/RI.
Included in Section 2 is a discussion of data sets used in and a description of the Phase IIT field
investigation at OU1 as well as other related szimpling and monitoring programs, including
sampling of radiological "hot spots” identified in ITHSS 119.1 and 119.2. Section 3 presents the
site characterization including surface features, demography and land use, meteorology and
climatology, surface water hydrology, soils, geology, hydrogeology, and ecology. Section 4
discusses data usability and validation procedures, the determination of contaminants at QU1
and the nature and extent of contamination for soils within each IHSS and for other media.
Section 5 reviews contaminant fate and transport, including contaminant modeling. Section 6
presents a baseline risk assessment (BRA) that includes a PHE and an Environmental Evaluation
(EE). Section 7 summaﬂzés the site physical features, contaminant sources, nature and extent
of contamination, fate and transport, and risk assessment, which is followed by conclusions
regarding data limitations and recommended remedial action objectives. Section 8 presents
references. Volumes I and II contain the text and supporting tables and figures for Sections 1
through 8.
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Supporting data were collected and many complex computations were performed as part of the
data analysis methods. In order to present these data, a number of appendices have been

assembled and attached to this report. The contents of these appendices are as follows:

o Appendices A1-A5 (Volumes III, IV, and V) contain geologic data.

o Appendices B1-B6 (Volumes VI) contain groundwater data, hydraulic
conductivity test interpretations, a hydrogeologic assessment of the French Drain,
and surface water flow data.

o Appendices C1-C13 (Volume VII) contain analytical results.
o Appendix D (Volume VIII) summarizes the determination of contaminants.
o Appendix E (Volume IX) is the EE.

o Appendix F (Volume X) is the PHE.
o Appendix G (Volume XI) contains the quality assurance data.

o Appendix H (Volume XI) contains the Technical Memoranda associated with the
RFI/RI. :

o Appendix I (Volume XI) is the Responses to Agency Comments

o Appendix J (Volume XII) is the Distribution List.

The table of contents in each Appendix includes the number of the volume in which material is

located. This facilitates use of appendices that span more than one volume.
1.2 PURPOSE OF REPORT

This OU1 Phase III RFI/RI Report presents the findings of the Phase III field investigation, data
interpretation, and risk assessment. The 17 specific objectives of this investigation as detailed
in Section 3.3 of the Final Phase III RFI/RI Work Plan (DOE, 1991b) are briefly described

below. Table 1-1 lists the objectives along with the work performed to achieve these objectives.
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| . Characterize Site Physical Features
| 1.

Determine the extent of saturation and groundwater flow directions for the
unconfined flow system both spatially and temporally.

Describe the interaction between the surface and groundwater pathways.
Quantify material properties.
Describe all soils and rock materials.

Verify the hydrogeologic site conceptual model for OU1 (DOE, 1991b).

Characterize Contaminant Sources

6.

7.

K

Characterize the nature and distribution of waste materials remaining on site.

Characterize soils in proximity to the removed wastes as potential contaminant
sources.

Identify which sites or subareas of sites are sources of contaminants in
groundwater.

Characterize the Nature and Extent of Contamination

9, Determine the horizontal and vertical extent of surficial radionuclide (RAD) soil
contamination due to wind dispersion.
10.  Determine the nature and extent of groundwater contamination in surficial
materials.
11.  Determine the location and extent of weathered and unweathered sandstone units
and associated contamination.
12.  Characterize the quality of the surface water.
13.  Characterize RADs in Woman Creek sediments.
14.  Identify and implement data management procedures.
15.  Collect data of sufficient quality to facilitate development of a site conceptual
model and compare them to applicable or relevant and appropriate requirements
(ARARSsS).
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Provide a Baseline Risk Assessment
16.  Describe contaminant fate and transport.

17.  Assess the threat to public health and the environment from the "No Action"
remedial alternative.

1.3 BACKGROUND

RFP is a government-owned, contractor-operated facility that is part of the nationwide nuclear
weapons production complex. RFP is located in northern Jefferson County, Colorado,
approximately 16 miles (26 kilometers) northwest of Denver (Figure 1-1), and comprises
approximately 6,550 acres (2,652 hectares) of land in Sections 1 through 4 and 9 through 15 of
Township 2 South, Range 70 West, 6th Principal Meridian. Major buildings are located within
the industrial area, which encompasses approximately 400 acres (162 hectares). The industrial

area is surrounded by a buffer zone of approximately 6,150 acres (2,490 hectares).

1.3.1 Plant Operations

The Atomic Energy Commission operated RFP from 1951 to January 1975 when the commission
was dissolved. At that time, responsibility for the plant was assigned to the Energy Research
and Development Administration, which was succeeded by DOE in 1977. Dow Chemical
U.S.A., an operating unit of the Dow Chemical Company, was the prime contractor responsible
for operating RFP from 1951 until June 30, 1975. Rockwell International was the prime
contractor responsible for operating RFP from July 1, 1975, until December 31, 1989. EG&G
Rocky Flats, Inc., became the prime contractor at RFP on January 1, 1990, and currently

operates the plant.

RFP is currently m transition from a defense production facility to a facility whose planned
future missions include environmental restoration, waste management, maintaining production
contingency, and eventual decontamination and decommissioning. Until January 1992, the plant
was operated as a nuclear weapons research, development, and production complex. RFP
fabricated nuclear weapon components from plutonium, uranium, beryllium, and stainless steel.

Parts made at the plant were shipped elsewhere for assembly. Support activities included
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chemical recovery and purification of recyclable transuranic RADs and research and
development in metallurgy, machining, nondestructive testing, coatings, remote engineering,
chemistry, and physics (Rockwell, 1987b).

Both radioactive and nonradioactive wastes were generated in the production process. Current
waste handling practices involve on-site and off-site recycling of hazardous materials, on-site
storage of hazardous and radioactive mixed wastes, and off-site disposal of solid radioactive
materials at another DOE facility. In the past both storage and disposal of hazardous and
radioactive wastes occurred on the site. The preliminary assessment performed under the
Environmental Restoration Program identified some of the past on-site storage and disposal

locations as potential sources of environmental contamination (DOE, 1986).

1.3.2 OU1l Area Site Locations and Descriptions

Environmental Restoration Program investigations performed during Activity 1 (installation
assessment) identified 12 individual hazardous substance sites (IHSSs) within OU1 (DOE, 1986).
The Interagency Agreement, however, lists only 11 sites within OU1. The twelfth, THSS 177,

is being investigated as part of the RFI/RI for OU10 (IAG, 1991). The 11 IHSSs within OUl
(Figure 1-2) are the following:

J 0Oil Sludge Pit Site (THSS 102)

o Chemical Burial Site (IHSS 103)

o Liquid Dumping Site (IHSS 104)

o Out-of-Service Fuel Tank Sites THSSs 105.1 and 105.2)
o Outfall Site (THSS 106)

. Hillside Oil Leak Site IHSS 107)

o Muitiple Solvent Spill Sites (THSSs 119.1 and 119.2)

o Radioactive Site - 800 Area Site #1 (IHSS 130)

o Sanitary Waste Line Leak (IHSS 145)

OU1 was selected as a high-priority site because of the elevated concentration of volatile organic

compounds (VOCs) detected in the groundwater, the relatively permeable soils, and the
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proximity of the area to a surface water drainage. Based on previous investigations, the
principal chemical contaminants of concern (COCs) in alluvial or unconfined groundwater at
QU1 were tetrachloroethane, trichloroethene, 1,1,1-trichloroethane, and 1,1-dichloroethene
(Rockwell, 1986). The following historical information on each IHSS was compiled from the
Final Historical Release Report (HRR) (DOE, 1992d) and the Final Phase III RFI/RI Work Plan
(DOE, 1991b). Based on information discovered during the historical releases investigation,

several of the THSS names and disposal histories were modified or changed to clarify the .

location of the THSS or to better match the history of waste disposal at the site. These
* modifications are discussed in the following sections; however, the original IHSS names are used

because they correspond to the names listed in the Interagency Agreement and the Work Plan.
1.3.2.1 Oil Sludge Pit Site (IHSS 102)

In 1958, approximately 30 to SO drums of nonradioactive materials were dumped into a pit south
of Building 881. Material in the drums consisted of sludge from oil tank cleanouts, possibly
from the two No. 6 fuel oil tanks designated as THSSs 105.1 and 105.2 (DOE, 1986). The pit
was backfilled when disposal operations ceased (DOE, 1992d).

Previous investigations report various dimensions and locations for IHSS 102. In the RCRA
Part B Operating Permit (Section 3004[u]), IHSS 102 is located 180 feet south of Building 881
and has dimensions of 50 feet by 80 feet (Rockwell, 1987b). The pit location from the RCRA
permit was revised based on an aerial photography study conducted as part of the Phase II RI.
In the Phase II Report (Rockwell, 1988a) and the Phase Il Work Plan (DOE, 1991b), IHSS 102
is located 500 feet south of Building 881 and has dimensions of 40 feet by 70 feet. The HRR
(DOE, 1992d) questioned the Phase II location based on the statements made in an
environmental inventory (Owen and Steward, 1973). However, the HRR also stated that there
was no indication ‘that any dumping took place. Also, the inventory provided no basis for
changing the location of THSS 102 from the location cited in the Phase II Report, and,
subsequently, targeted in the Phase IIl Work Plan. This is the site that was investigated in the
Phase III RFI/RI.
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As a result of the conflicting information regarding the location of IHSS 102, a review of
' historical aerial photographs was conducted. A 1955 aerial photograph clearly shows a
rectangular-shaped impoundment whose location correlates well with the location shown in the
Phase Il Work Plan and on Figure 1-2 of this report. The interior of the impoundment appears
black on the 1955 aerial photograph which contrasts sharply with the lighter colored surrounding
landscape (Figure 1-3). Evidence of IHSS 102 can also be seen in a 1963 aerial photograph,
however, its shape appears irregular and there is little contrast in coloration. The feature seen

on the 1963 photograph is interpreted as representing the post-closure condition of the IHSS.
1.3.2.2 Chemical Burial Site (IHSS 103)

An area south of Building 881 was reportedly used to bury unknown chemicals (DOE, 1986).
The exact location, dates of use, and contents of the site are unknown. The draft
Comprehensive Environmental Assessment and Response Program report and the Work Plan
state that a pit, apparently filled with liquid, is evident approximately 150 feet southeast of

‘ Building 881 on 1963 aerial photographs (DOE, 1986; 1991b). The pit is circular in shape and
measures approximately 50 feet in diameter. No documentation was found during the historical
release investigation that verifies the existence of this site, and personnel who were employed
by RFP in the 1960s could not recall any such incidents of dumping (DOE, 1992d). It is
possible that this site may have been confused with IHSS 109 in OU2 (Trench T-2), which is
located east of OU1. IHSS 109 is believed to have been used for disposal of sewage sludge,
liquid waste, and crushed drums that formerly contained oil (DOE, 1992d).

1.3.2.3 Liquid Dumping Site (IHSS 104)

An area east of Building 881 was reportedly used for disposal of unknown liquids and empty
drums prior to 1969 (DOE, 1986). The report does not provide the exact location or dimensions
of the pit. In the RCRA Part B Operating Permit, IHSS 104 has dimensions of approximately
50 feet by 50 feet, based on 1965 aerial photographs (Rockwell, 1987b). Further review of
these historical aerial photographs as part of the Phase II RI indicated that the identified "pit"
‘ may be a shadow on the photograph (Rockwell, 1988a). It was concluded in the Work Plan that
THSS 104 is likely the same as IHSS 103 (DOE, 1991b). No documentation was found during
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the historical release investigation that verifies the existence of this site, and personnel who were
employed by RFP in the 1960s could not recall any such incidents of dumping this close to
Building 881 (DOE, 1992d). These personnel concluded that IHSS 104 may have been confused
with THSS 109 in OU2 (Trench T-2), which is located east of OU1. IHSS 109 is believed to
have been used for disposal of sewage sludge, liquid waste, and crushed drums that formerly

contained oil (DOE, 1992d).
1.3.2.4 Out-of-Service Fuel Tank Sites (IHSSs 105.1 and 105.2)

Two out-of-service No. 6 fuel tanks are located immediately south of Building 881. These tanks
were used to store diesel fuel from 1958 through 1976 (DOE, 1991b). After 1976 they were
filled with asbestos-containing material and then later with concrete (Rockwell, 1987b).
THSS 107, the Hillside Oil Leak Site, may have been caused by leakage from these tanks (DOE,
1992d). Inthe HRR (DOE, 1992d), IHSSs 105.1 and 105.2 are referred to as the Building 881
Westernmost Out-of-Service Fuel Tank and Building 881 Easternmost Out-of-Service Fuel Tank,
respectively. However, maps from the same reference orient these tanks north-south, as does

Figure 1-2. This contradiction remains unresolved.
1.3.2.5 Outfall Site (IHSS 106)

A 6-inch-diameter iron outfall pipe is present south of Building 881. The outfall, originally
described as a 6-inch vitrified clay pipe (Rockwell, 1987a; 1988b), originates at the Building 887
lift station and is the clean-out pipe for an overflow line from the Building 881 cooling tower
(DOE, 1992d). The outfall was used for discharge of untreated sanitary wastes in the 1950s and
1960s (DOE, 1992d). In 1955, high bacterial counts were reported from water samples
collected at the outfall and east along Woman Creek to the cattle fence. Due to concern about
discharges from thé outfall entering ‘Woman Creek, several small retention ponds and an
interceptor ditch were built in 1955 and 1979, respectively, to divert the outfall water to Pond
C-2. After discharges of sanitary wastes were halted, the outfall pipe continued to be used for
discharge of cooling water blowdown into the late 1970s. Cooling water was found to be
discharging from the outfall onto 881 Hillside in December 1977 (DOE, 1991b).
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1.3.2.6 Hillside Oil Leak Site (IHSS 107)

Oil was discovered flowing down 881 Hillside south of Building 881 in May 1973. The oil spill
was contained with straw, and the oil-soaked straw and soil were removed and disposed in the
present landfill north of the plant (Rockwell, 1987b). Oil was also found in a 60-inch-diameter
standpipe located just south of the security fence. The oil was traced to the foundation drain
(also called the footing drain) from Building 881 (DOE, 1992d). A concrete skimming pond was
built below the foundation drain outfall to contain the oil flowing from the foundation drain, and
an interceptor ditch was constructed to prevent oil-contaminated water from reaching Woman
Creek (Owen and Steward, 1973). The skimming pond was removed during construction of the

French Drain as part of the IM/IRA remedial action in 1992.

The source of the oil was believed to be the two out-of-service fuel tanks (IHSSs 105.1 and
105.2) because the foundation drain passes directly underneath the tanks. Both tanks and
associated lines were pressure tested in 1973; and no leaks were detected (DOE, 1991b).
Several scenarios were presented in the HRR to explain the oil leak. It was postulated that oil
spills occurred as a result of the tanks being overfilled, creating an underground oil reservoir.
Oil may have seeped out of the hillside from this underground reservoir in 1973 (DOE, 1992d).
Alternatively, the oil may have originated from other known spill sites at OU1 (DOE, 1992d).
IHSS 107 is referred to as the Building 881 Hillside Oil Leak Site in the HRR (DOE, 1992d).

1.3.2.7 Multiple Solvent Spill Sites (IHSSs 119.1 and 119.2)

Beginning in approximately 1968, two areas east of Building 881 and along the southemn
perimeter road were used for scrap metal and drum storage. The drums contained unknown
quantities and types of solvents and wastes (Rockwell, 1987b). The scrap metal may have been
coated with residuél oils and/or hydraulic coolants (DOE, 1992d). Aerial photographs from
1969 and 1970 show material stored in piles and rows (DOE, 1992d). Scrap metal and drums
were removed in November and December 1971, and disturbed soil was revegetated the
following spring (DOE, 1992d). IHSS 119.1 is the larger western drum and scrap metal storage
area, and appears to have contained mostly drums in the southern part of the IHSS and mostly

scrap metal in the northern part, although material was moved around frequently as documented
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by the aerial photographs. IHSS 119.2 is the smaller eastern drum and scrap metal storage area
and appears to have contained mostly scrap metal, although poor photograph resolution does not
permit definitive documentation. Figure 1-2 shows the drum and scrap metal storage areas

within each site. The locations of stored drums are discussed in more detail in Section 4.

There was no documentation found during the historical release investigation that supports the
use of these sites as solvent storage areas, as stated in the RCRA Part B Operating Permit
(Rockwell, 1987b) and in the Work Plan (DOE, 1991b). Historical evidence gathered during
the investigation indicates that scrap metal was stored at these sites and, therefore, IHSSs 119.1
and 119.2 were referred to as Scrap Metal Storage Areas in the HRR to better match the history
of waste disposal (DOE, 1992d). However, Phase II and Phase III investigations indicated the

presence of solvent compounds in the subsurface.
1.3.2.8 Radioactive Site - 800 Area Site #1 (IHSS 130)

An area east of Building 881 and northwest of THSS 119.1 was used between 1969 and 1972 to
dispose of soil and asphalt contaminated with low levels of plutonium. IHSS 130 is referred to
as the Contaminated Soil Disposal Area East of Building 881 in the HRR to better match the
history of waste disposal (DOE, 1992d); the site is included in the discussion of the 900 Area
~at RFP in that report. The materials at this site were derived from three sources at RFP
described below.

In September 1969, plutonium-contaminated soil and asphalt were removed from the west side
of Building 776 and placed in the OU1 area at what is now THSS 130 (Owen and Steward,
1973). The soil and asphalt were contaminated during the May 11, 1969 fire in Building 776,
and had an estimated average plutonium activity of 7.4 disintegrations per minute per gram (3.36
picoCuries per grarﬁ [pCi/g]). The total plutonium concentration of this material was estimated
at 14 milligrams (864 microCuries) (Putzier, 1970). Material from the 1969 fire was buried
under 1 to 2 feet of fill dirt (Owen and Steward, 1973).

In August 1970, a section of the Central Avenue roadway between Eighth and Tenth Streets was
removed and placed in the OU1 area at what is now THSS 130 (Owen and Steward, 1973). This
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stretch of road was radioactively contaminated in June 1968 by a leaking drum in transit from
the 903 Drum Storage Site to Building 774 (Owen and Steward, 1973). The soil and asphalt
from these two sources amounts to approximately 320 tons (DOE, 1992d) or 250 cubic yards
(Ilisley, 1978).

In 1972, approximately 60 cubic yards of plutonium-contaminated soil were removed from
around the Building 774 process waste tanks and placed in the OU1 area (Owen and Steward,
1973). The soil was placed on top of previously deposited soils at IHSS 130 and covered with
approxiniately 3 feet of fill dirt (Tllsley, 1978). The estimated total long-lived alpha activity of
this soil is less than 0.154 pCi/g (lisley, 1978).

1.3.2.9 Sanitary Waste Line Leak (IHSS 145)

In January 1981, the 6-inch, cast-iron sanitary sewer line that originates at the Building 887 lift
station leaked on the hillside south of Building 881 (DOE, 1992d). That month an earthen dike
was constructed to prevent the spill from entering the South Interceptor Ditch (SID), and the line
was repaired. The line had conveyed sanitary wastes and low-level radioactive laundry effluent
to the sanitary treatment plant from about 1969 to 1973 (DOE, 1992d). A recent review of
Building 881 construction drawings for the historical releases investigation indicates that the only
sanitary waste lines presently located south of the building are the 6-inch cast-iron sanitary sewer
line that originates at the Building 887 lift station and a 6-inch vitrified clay pipe that runs
east-west into Building 887 (DOE, 1992d). This appears to contradict Section 3004(u) of the
RCRA Part B Operating Permit, which states that the line is 4-inch cement/asbestos pipe
(Rockwell, 1987b).

1.3.3 Previous Investigations

Various studies have been conducted at RFP to characterize environmental media and to assess
the extent of radiological and chemical contamination in the environment. These studies include
detailed descriptions of the plant-site geology, several drilling programs that resulted in the
construction of approximately 60 monitoring wells by 1982, surface water and groundwater

investigations, an environmental impact statement, an electromagnetic survey, a soil gas survey,
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and numerous reports of routine environmental monitoring. In addition to these selected
sitewide studies, many investigations have been completed specifically at OUl. Table 1-2
provides a chronological listing of documents pertaining to specific environmental investigations
at OU1, beginning with the most recent. Selected investigations that augment the OU1 RFI/RI

are discussed below.

Two major investigations were completed at RFP in 1986. The first was the Environmental
Restoration Program Phase I installation assessment (DOE, 1986), which included analyses and
* identification of current operational activities, active and inactive waste sites, current and past
waste management practices, and potential environmental pathways through which contaminants
could be transported. A number of sites were identified that could potentially have adverse
impacts on the environment. These sites were designated as solid waste management units

(SWMUs) by Rockwell (1987b) and were divided into three categories:

o Hazardous waste management units that will continue to operate and need a
RCRA operating permit.

o Hazardous waste management units that will be closed under an RCRA interim
status permit.
o Inactive waste management units that will be investigated and cleaned up under

RCRA Section 3004(u) or under CERCLA.

The Interagency Agreement redefines the SWMUs within the second and third categories as
THSSs. All THSSs in QU1 fall within the third category.

The second major investigation involved a hydrogeologic and hydrochemical characterization of
the entire site. Plans for this study were presented by Rockwell (1986). Four areas were
identified as significant contributors to environmental contamination, with each area containing
a number of sites. The four areas were 881 Hillside, 903 Pad, Mound, and East Trenches. The
881 Hillside was subsequently designated OU1 and the other three areas as OU2.

Since the Phase II RI, four other RFP-wide studies have been conducted that further supplement
RFI/RI activities at OU1: the geologic characterization program, the background geochemical
Final Phase ITI RFI/RI Report June 1994
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characterization study, the surface water and sediment geochemical characterization study, and
the historical releases investigation. The RFP geologic characterization program (EG&G 1990a;
1991g) was undertaken to develop a comprehensive geologic framework that can be used to
define the direction, rate, and volume of groundwater flow; delineate contaminant migration
pathways; and characterize potential seismic risks. The study was intended to be used to
formulate hydrogeologic models, design and implement groundwater monitoring programs, and

plan remedial activities.

As pa;'t of the geologic characterization program, geologic mapping and shallow, high-resolution
seismic reflection surveys were conducted at RFP (Rockwell, 1989b and EG&G 1990b; 1991c¢;
1991e; 1992b). A geologic map of a 60-square-mile area surrounding RFP was produced; the
Upper Cretaceous Fox Hills Sandstone, Laramie Formation, and Arapahoe Formation were
described, and criteria were developed for their identification in the surface and subsurface;
previously mapped faults were verified and further characterized; new areas of structural
deformation were identified; inconsistencies in previously published geologic maps
(Spencer, 1961; Van Horn, 1972; Hurr, 1976) were resolved; and the stratigraphy at RFP was
directly tied to the regional stratigraphy on the basis of established lithologic criteria (EG&G,
1992b). ' '

Shallow, high-resolution seismic reflection surveys were conducted primarily to acquire
stratigraphic information. Sandstone channels were mapped in bedrock beneath OU2 and east
of RFP along Indiana Street (Rockwell, 1989b and EG&G, 1991c; 1991e). Structural features
were identified in the northwest part of the buffer zone, in the central part of the plant (EG&G,
1990b), beneath OU2 (EG&G, 1991c¢), and near Indiana Street (EG&G, 1991¢e). A deep seismic
reflection survey was conducted, from Coal Creek Canyon to Jefferson County Airport and
across the buffer zone north of the plant, primarily to acquire structural information (EG&G,
1992¢). None of tﬁe seismic data were acquired at OU1; however, stratigraphic information and

structural trends may be projected into the area and used to interpret site characteristics.

The second and third studies that augment site-specific RFI/RI activities at OUl are the
background geochemical characterization study and the surface water and sediment geochemical

characterization study. The background geochemical characterization study summarizes
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background data for groundwater, surface water, sediments, and geological materials, and
identifies preliminary statistical boundaries of background variability (DOE, 1992f). Similarly,
the surface water and sediment geochemical characterization study (EG&G, 1992a) identifies
surface water and sediment characteristics and documents general geochemical trends associated
with environmental contamination at RFP. Seeps and depressions in OUl were sampled as a

part of this study.

The fourth study, the historical releases investigation, was required by the Interagency
Agreement to provide a complete listing of all spills, releases, and/or incidents involving
hazardous substances that occurred since the inception of RFP operations. Information
describing individual release sites was gathered by background research, file review, site visits
and photography, and employee interviews. Release sites, including existing RFP IHSSs, were

designated as potential areas of concern (DOE, 1992d).

Previous environmental investigations performed at OUl include Phase I and Phase II Rls
(Rockwell, 1987a; 1988a) and the French Drain Geotechnical Investigation (EG&G, 1990e) in
support of the IM/IRA (DOE, 1990a). The Phase I RI began in March 1987 in accordance with
the plans presented by DOE (1987a; 1987b). Phase II field work was performed after the Draft
Phase I Report was submitted and after meetings with EPA and CDH to plan further work based
on Phase I results. Seventeen boreholes, six alluvial monitoring wells, and one bedrock
monitoring well were drilled and installed for the Phase I program. Twenty-three boreholes,
16 alluvial monitoring wells, and 4 bedrock monitoring wells were drilled and installed for the
Phase II program. Figure 1-4 shows the locations of Phase I and Phase II boreholes and wells.
While the Phase I and Phase II RIs were limited in scope, they provided adequate preliminary
information about waste source locations, waste source characterization, subsurface geology, and

hydrology to facilitate the design of a thorough and comprehensive Phase IIT RI.

The IM/IRA recently completed at OUl includes a French Drain designed to collect
contaminated alluvial groundwater from OU1l and prevent further downgradient migration,
thereby alleviating a potential long-term threat to human health and the environment. A
geotechnical investigation was performed at OU1 as part of the IM/IRA to evaluate the site
characteristics along the proposed French Drain alignment (EG&G, 1990e). Thirty-eight
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boreholes were drilled on approximately 100-foot centers and sampled for geotechnical testing

(Figure 1-5). Geotechnical testing was conducted, and chemical analyses were run on soil and
bedrock samples collected from selected borings. Twenty-four boreholes were packer tested,
and four alluvial piezometers were installed along the eastern end of the french drain alignment
(DOE, 1991b). Construction of the French Drain began in November 1991 and was completed
in April 1992. Appendix A4 of this report includes cross sections depicting the geology of the
French Drain excavation walls and tables summarizing geotechnical data and hydraulic properties

of samples collected in the french drain.

The French Drain was constructed by excavating a trench approximately 1,435 feet in length
along the downgradient boundary of OU1. The trench is keyed into bedrock material exhibiting
a hydraulic conductivity on the order of 1 x 10 centimeters per second (cm/sec). A permeable
membrane (geotextile) was placed on the north wall of the excavation to allow for capture of the
alluvial groundwater. An impermeable polyvinyl chloride membrane was placed on the south
‘wall of the French Drain to prevent captured groundwater from migrating downgradient of the
system, and perforated pipe was installed in the keyway for collection of groundwater. The
keyway was then backfilled with gravel and covered with geotextile, and Class I soil was placed
on top of the membrane to a depth of approximately 1 foot. Finally, the entire excavation was

backfilled with material excavated during the French Drain construction.

1.4 SUMMARY OF TECHNICAL. MEMORANDA AND STANDARD
OPERATING PROCEDURE ADDENDA

Because of the unknown nature of many of the sites at RFP and the iterative nature of the
RFI/RI process, additional data requirements and analyses may be identified throughout the
process. When this occurs, the Interagency Agreement stipulates that DOE submit technical
memoranda to EPA and CDH documenting the need for additional data and identifying data
quality objectives (DQOs). Upon agency approval, these technical memoranda are attached as
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amendments to approved work plans. Nine technical memoranda were prepared as part of the
Phase III RFI/RI for QU1 (Table 1-3). They are the following:
. Technical Memorandum No. 1 - Chemical Analysis Plan

. Technical Memorandum No. 2 - Responses to Comments on the OU1 Phase III
RFI/RI Work Plan (Revision 1)

o Technical Memorandum No. 3 - Multiple-Well Pumping Test Plan

o Technical Memorandum No. 4 - Tracer Test Plan

o Technical Memorandum No. § - Surface Soil Sampling and Analysis Plan
o Technical Memorandum No. 6 - Exposure Scenarios

o Technical Memorandum No. 7 - Description of Models for the Public Health

Evaluation
. Technical Memorandum No. 8 - Contaminant Identification
o Technical Memorandum No. 9 - Toxicity Constants

In addition, three standard operating procedure (SOP) addenda were prepared to supplement the
sampling procedures in the SOPs and the Phase Il RFI/RI Work Plan (Table 1-3). They are

the following:

Soil Sampling for Geotechnical Analysis
Soil Sampling for Total Organic Carbon Analysis
. Hand-Auger Sampling

The contents of the nine technical memoranda and three SOP addenda are summarized below.
The technical memoranda are considered attachments to the Work Plan and are available in their
entirety in the Administrative Record and public reading rooms with the Work Plan. They are

also included in Appendix H of this report.
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1.4.1 Chemical Analvsi§ Plan

Technical Memorandum No. 1 is the chemical analysis plan submitted as an addendum to the
Work Plan in August 1991 (DOE, 1991e). The purpose of the plan was to screen out, from the
list of Target Compound List (TCL) and Target Analyte List (TAL) constituents, those analytes
that had appeared either inconsistently during previous sampling rounds or in low concentrations,
in order to make the analytical results more tailored to the site, concise, and meaningful. The
plan evaluated the historical chemical data set for QU1 and presented an amended analytical

strategy for the Phase III investigation.

The site-specific TAL was defined by tabulating and summarizing existing analytical data by
analytical suite. The tabulation included the total number of analyses and the number of

detections for each chemical. Three outcomes were possible from this tabulation:

1. One or more chemicals from an analytical suite were not detected at a given
detection limit in a specified media.

2. One or more chemicals from an analytical suite were detected either inconsistently
or at low concentrations in a specified media.

3. One or more chemicals from an analytical suite were consistently detected in a
specified media.

In the first case, the analytical suite was eliminated provided that historical data were of
adequate quality, usability, and were representative of the site. Evaluation of representativeness
included spatial consideration. In the second case, the analytical suite was eliminated provided
that data quality, spatial representativeness, temporal variations, concentrations, chemical fate
and transport, and human health risks were assessed. In the third case, the analytical suite was
retained in the Phase III investigation to better characterize the medium, particularly if the
chemicals are mobile and toxic. In this manner, Phase III analytical suites were selected for

each medium. The selection process for each suite in each medium is briefly described below.

In the groundwater and surface water media, VOCs were detected in 773 out of 14,898 analyses

in Phases I and II. Detected concentrations ranged from 1 to 72,000 micrograms per liter
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(ug/f). Because VOCs were detected at high concentrations, the plan recommended that Phase
III samples be analyzed for all EPA Contract Laboratory Program (CLP) TCL organics. Acid-
extractable semivolatile organic compounds (SVOCs) were detected at low concentrations in 6
out of 656 analyses in Phases I and II. Because there is no documentation regarding the disposal
of wastes containing acid-extractable compounds, and because the detections occurred
infrequently and at low concentrations, the plan recommended that this analytical suite be
eliminated from OU1 monitoring. Similarly, base/neutral extractable SVOCs were detected at
low concentrations in 28 out of 2,192 analyses in Phases I and II. Because base/neutral
" extractable compounds were detected infrequently and at low concentrations, the plan
recommended that this analytical suite be eliminated from OU1 monitoring. Pesticides were
detected at low concentrations in 4 out of 1,227 analyses in Phases I and II. Because there is
no documentation regarding the disposal of pesticides at OUi, and because they were detected
infrequently and at low concentrations, the plan recommended they be eliminated from the
program. Polychlorinated biphenyls (PCBs) were not detected in groundwater or surface water
analyses in Phases I and II. Because there is no documentation regarding the disposal of PCBs

at OU1, the plan recommended this analytical suite be eliminated from OU1 monitoring.

In the soils and sediments media, VOCs were detected in 361 out of 4,955 analyses performed
during Phases I and II. Because VOCs were detected at levels significantly above method
detection limits, and VOCs were known to have been disposed of at OUIl, the plan
recommended that Phase III samples be analyzed for all TCL organics. Acid-extractable SVOCs
were detected at low concentrations in only 3 out of 2,572 Phase I and II analyses. Because
there is no documentation regarding the disposal of wastes containing acid-extractable SVOCs
at OU1, and because the detections occurred infrequently and ‘at low concentrations, the plan
recommended that this analytical suite be eliminated from OUl monitoring. Base/neutral
extractable SVOCs were detected at low concentrations in 208 out of 8,184 analyses in Phases
I and II. Most of the analytes detected were phthalate esters, and a few were polynuclear
aromatic hydrocarbons (PAHs). Neither of these analytes/analyte groups are associated with past
waste disposal practices, nor are they mobile in the environment. Because they were detected
infrequently and at low concentrations, the plan recommended they be eliminated from OU1
monitoring. No pesticides were detected in Phase I and Phase II soil and sediment samples;

therefore, the plan recommended that they also be eliminated from OU1 monitoring. PCBs were
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detected at low concentrations in only 3 out of 4,232 Phase I and II analyses. Because they
occurred infrequently and at low concentrations, and because they are immobile in the

environment, the plan recommended they be eliminated from OU1 monitoring.

EPA and CDH reviewed the chemical analysis plan in Technical Memorandum No. 1 after it
was submitted in August 1991. Based on comments from EPA and CDH, modifications were
made to the analytical suites and/or analytical methods proposed for some borehole and
monitoring well locations. Table 1-4 outlines EPA/CDH modifications to the Phase IIl RFI/RI

- chemical analysis plan by IHSS and by borehole/monitoring well. Table 1-5 presents the final

analytical suite that was implemented for each borehole and monitoring well.

1.4.2 Responses to Comments on the OU1 Phase IIT RFI/RI Work Plan

Technical Memorandum No. 2 (DOE, 1991f) is the DOE response to the August 1, 1991, EPA
comments on the revised Phase IIl OU1 RFI/RI Work Plan (DOE, 1991b). The memorandum
was limited to responses to key EPA concerns identified in the cover letter to the comments.

Six concerns, which are summarized below, were addressed in the memorandum.

The first concern was that surface soil scrape sampling should extend into IHSS 130. DOE -
responded that sampling to characterize the distribution of plutonium and americium in surface
soils would be conducted in IHSS 130 and that surface soil sampling for actinides in OU1 had
been completed in August 1991.

- The second concern was that surface contaminant particle size should be evaluated for the risk

assessments. DOE responded that particle size distribution analysis was to be performed in three

OUL1 areas that were identiﬁed for vertical profiling of the distribution of plutonium, americium,

“and uranium. In addition, the concentration of actinides within the sand, silt, and clay fractions

was to be analyzed for certain samples, including samples taken from the top 3 centimeters (cm)
of soil.

The third concern was that sampling should be conducted to characterize nonaqueous-phase

liquids, if present. DOE responded that sampling would be performed on select wells within
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IHSSs 119.1, 119.2, 105.1, and 105.2 to determine whether light nonaqueous-phase liquids
(LNAPLSs) or dense nonaqueous-phase liquids (DNAPLs) were present and, if so, to chemically

characterize the liquids.

The fourth concern was that adequate air monitoring should be conducted to completely evaluate
the air exposure pathway in the risk assessment and EE. DOE stated that the EPA concemn over
adequate air monitoring was the result of the vague way in which the Work Plan described how
the nature and extent of contamination via the air pathway would be analyzed, and that, in
actuality, the results of the in-place surface soil sampling program and the air sampling program

would provide for a complete evaluation of the air pathway in the risk assessment and EE.

The fifth concern was that ARARs should be evaluated as presented in the specific comments
in Section 7 of the Work Plan. DOE responded that the EPA comments pertaining to ARARs
have been reviewed and that the comments would be addressed in the Phase IIT RFI/RI Report.

The sixth concern was that the risk of laboratory contamination should be carefully controlled
and that previous data showing elevated concentrations of potential laboratory contaminants be
verified. The concern was that contamination not attributable to laboratory contamination be
considered as contamination from a waste source. DOE responded that both laboratory- and
field-introduced contamination of samples would be addressed and controlled by selecting a
laboratory with a track record for minimizing laboratory-introduced contamination, by strictly
adhering to field SOPs, and by modifying field techniques and quality control protocols to
minimize introduction of phthalate contamination in samples during handling and shipping. DOE
agreed with EPA that the presence of contaminants in samples that could not be attributed to

laboratory contamination would be considered as originating from waste sources.

Each of the six EPA concerns is addressed in the Phase III RFI/RI Report.

1.4.3 Multiple-Well Pumping Test Plan

Technical Memorandum No. 3 is the multiple-well pumping test plan that was submitted as an
addendum to the Work Plan in November 1991 (DOE, 1991h). The tests were proposed for the
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Woman Creek alluvium to develop better estimates of solute travel times. The plan described
techniques that were specific to the three multiple-well (15 wellpoint array) pumping tests for
OUl, although these techniques were compatible with and supplementary to Ground Water SOP
GW2.08, Aquifer Pumping Tests (EG&G, 1991a). During implementation, because of low-yield

aquifer conditions, two of the tests were canceled.

The multiple-well pumping test plan recommended that an exploratory borehole be drilled at the
multiple-well test location to determine site-specific hydrogeologic conditions (i.e., depth to
water table, depth to the base of the saturated alluvial aquifer, initial saturated thickness of the
aquifer, and grain-size distribution of aquifer materials). Subsequently, 15 wellpoints were
installed in a 3-well by 5-well array with the rows of 5 wells oriented perpendicularly to the
estimated direction of groundwater flow, and installed on nominal 2.5-foot centers (increased
from the proposed 2-foot centers because of drilling conditions). The wellpoints were developed
using methods described in Ground Water SOP GW2.08, Agquifer Pumping Tests (EG&G,
»1991a), and the aquifer allowed to return to an equilibratory hydraulic condition. The central
well of the wellpoint array was to be used as the bumping well during the test, and all other

wells used for observation of groundwater level fluctuations.

The plan recommended that a step-drawdown test be conducted to provide information on the
efficiency of the pumping well and to establish a flow rate that could be sustained during the
constant-rate pumping test. Ultimately, two step-drawdown tests were conducted. Water levels
in the pumping well and observation wells and time-drawdown measurements were collected
during the step-drawdown tests. Results were analyzed, and a pumping rate was selected for

use in the multiple-well constant-rate pumping test based on the drawdown curve calculations.

The plan called for a constant-rate pumping test to be conducted to estimate the transmissivity
and specific yield of the aquifer. The central well of the array was pumped for a specified
period, and water levels were measured in all wells before, during, and after the pumping to

record both the drawdown and recovery of the piezometric surface.
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1.4.4 Tracer Test Plan

Technical Memorandum No. 4 is the multiple-well tracer test plan that was submitted as an
addendum to the Work Plan in November 1991 (DOE, 1991i). It described techniques that were
specific to the tracer tests for OU1 and was compatible with and supplementary to Ground Water
SOP GW2.07, Tracer Tests (EG&G, 1991a).

The plan recommended that following wellpoint development and sampling, a tracer evaluation
test be conducted at a single wellpoint to assess the appropriateness of three different tracers for
use in the multiple-well tracer tests. Tracers that were evaluated were distilled water, rhodamine
WT dye, and potassium bromide. Rhodamine WT dye and potassium bromide were
recommended in the plan because of their conservative behavior, absence in the hydrogeologic
environment, and ease of detection in aqueous samples. During implementation, plans to test

rhodamine WT dye were canceled because satisfactory results were obtained with bromide.

The plan required that potassium bromide standards be prepared and sent to the laboratory for
confirmatory analysis before the multiple-well tests were conducted. These standards were used
to develop a calibration curve for the analysis of bromide tracer test breakthrough data.
Groundwater samples collected at the site of the tracer evaluation test prior to startup of the test

were also submitted for laboratory analysis. All other fluids were analyzed in the field.

The plan recommended using an injection tube to inject the tracer into the aquifer. When
injection was complete, a peristaltic sampling pump was used to withdraw water from the aquifer
at a rate equal to that of injection. Flow rate, time, and water levels were recorded continuously
during the injection portion of the test. Samples were collected and analyzed in the field to
determine whether tracer breakthrough occurred. The results from the in situ testing of each
tracer were analyzed to select the most appropriate and detectable tracer for use in the multiple-

well tracer tests.

A multiple-well tracer test was conducted using the same 15 wellpoint array used in the multiple-
well pumping tests. Fifteen wellpoints were installed in a 3-well by 5-well array with the rows

of 5 wells oriented perpendicular to the estimated direction of groundwater flow. The wells
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| . were installed on 2.5-foot centers as stated in the discussion for the pump test. In this
| arrangement, the five upgradient wells on one side of the array served as injection wells, the five
downgradient wells on the other side of the array served as withdrawal or tracer recovery wells,
and the central row of five wells served as water-level observation wells. The tracer test was
conducted as a constant hydraulic gradient test. Groundwater samples were collected from the
middle well of the injection row, the middle well of the observation row, and the three middle

wells of the withdrawal row.

The plan recommended injecting groundwater into the five injection wells so that the hydraulic
head within each well was held constant at a level of 1 foot higher than the static water table,
ensﬁring that the fluctuations in elevation were no mo.re than + 0.2 foot. The withdrawal wells
were pumped at a rate that maintained the groundwater elevation in each well at approximately
static water levels (also + 0.2 foot). When a steady-state condition was established, tracer
solution was introduced at a constant rate at the five injection wells. The tracer was injected

continuously until breakthrough was observed at the withdrawal wells.

The plan called for sampling at regular intervals. Samples were analyzed in the field to
determine when tracer breakthrough occurred, and water level data were collected frequently
during the test. The test was terminated when bromide concentrations in the extraction wells

and c;bsewation wells stabilized.

'1.4.5 Surface Soil Sampling and Analysis Plan

Technical Memorandum No. 5, Surface Soil Sampling and Analysis Plan, was submitted as an
addendum to the Work Plan (DOE, 1992a). Although the Work Plan identified the
determination of the extent of RAD contamination in surface soils due to wind dispersion as a
specific objective df the RI, it did not provide for surface soil sampling. Therefore, the surface

~ soil sampling plan was prepared in response to this data need.

Technical Memorandum No. 5 is divided into three sections. Section 1 presents results of prior
' surface soil programs at OU1, Section 2 is the formal sampling and analysis plan, and Section 3
describes quality assurance/quality control (QA/QC) considerations.

Final Phase [II RFI/RI Report June 1994
EG&G, Operable Unit Number 1 Page 1-25
eg&gloul\rfi-ri\sec-1.jun




Based on a review of site history and previous geochemical investigations, a site-specific
chemical analysis roster was developed for surface soils at OUl. This roster included RADs,
metals, SVOCs, pesticides, and PCBs. VOCs were not included on the roster because they
volatilize readily and because they are relatively mobile in soil and water, which makes their
appearance in surface soils unlikely. The RADs, SVOCs, pesticides, and PCBs selected for the
site-specific chemical analysis roster were previously detected in OU1 soils. All EPA priority
pollutant metals were included in the roster. Manganese and iron were added to the list of

metals at the request of CDH.

The plan required that OU1 surface soil data be validated before the data could be applied to
toxicological interpretation in the BRA. To meet the documentation needs of the validation
process, all surface soil data were analyzed at Level IV as defined by EPA (EPA, 1987a). RAD
analyses of surficial soil samples were analyzed at DQO Level V.

To further ensure that the data collected met the needs of the BRA, the plan compared the
detection limits for each analyte to relevant exposure limits. Exposure limits were computed for
both an on-site ecological researcher and an on-site resident. Exposure limit values were
different for these two hypothetical receptors because exposure limit computations considered
likely exposure times. The crucial consideration was whether detection limits for a given analyte
as specified in the General Radiochemistry and Routine Analytical Services Protocol (GRRASP)
(EG&G, 1990c) were less than the calculated exposure limit values. If the calculated exposure
limit was less than the GRRASP detection limit for a particular contaminant, then concentrations
of that contaminant above the exposure limit could go undetected and the analyses not provide

fully meaningful results for the BRA (EG&G, 1990c).

Exposure limit values calculated for an on-site ecological researcher were greater than the
detection limits for.all site-specific chemical analysis roster analytes. Exposure limit values for
an on-site resident, however, were less than GRRASP detection limits for five roster analytes '
(antimony, beryllium, thallium, benzo(a)pyrene, and benzo(b)fluoranthene). While recognizing
that the risk assessment objectives for these contaminants would be slightly compromised, the
memorandum asserted that health effects associated with these compounds could still be

quantified within the acceptable range.
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The goal of the proposed sampling plan was to collect data representative of both radioactive and
nonradioactive contamination in OU1 surface soils. The proposed plan included both random
and biased sample sets. The random sample set included composite samples taken from 24
polygons chosen at random from a 454-polygon grid covering all OUl-related IHSS locations
and the area topographically downgradient to Woman Creek. Data from this random sampling
were suitable for determination of statistical mean contamination levels in surface soils at OU1.
The biased sample set consisted of four sample sites chosen specifically to investigate
contamination related to IHSSs 106, 130, 119.1, and 119.2. Site history and previous analyses
identified these THSS locations as the most likely potential sources of surface soil contamination
within OUL.

Surface soil sampling methods in the plan were based on the sample collection techniques
described in Geotechnical SOP GT.08, Surface Soil Sampling (EG&G, 1991a). Laboratory
analyses covered the site-specific chemical analysis roster analytes, fo]lowihg methods referenced
in the GRRASP (EG&G, 1990c). |

Additional data collected in conjunction with surface soil sampling at OUl included: a
background study of RFP surface soil geochemistry; the addition of three sediment sampling
sites in Woman Creek downgradient of OU1; and an air sampling program aimed at determining
the level of suspended particulates at OULl. Data collected from these additional activities
further supplemented data collected under the Phase III RFI/RI Work Plan to meet the
anticipated needs for the BRA.

1.4.6 Exposure Scenarios

Technical Memorandum No. 6 presents potential exposﬁre scenarios related to contamination at
OuUl (DOE, 1992?:). Prepared as a preliminary report for the PHE, as stipulated in the
Interagency Agreement, these exposure scenarios formed the basis for development of the BRA.
Because these scenarios were prepared for the PHE, only risks to human health were considered.
Potential impacts on nonhuman receptors were considered in a parallel analysis done as part of
the EE portion of the BRA.
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Revision 4.0 of Technical Memorandum No. 6 was submitted for EPA and CDH review in June
1992. Comments received in August 1992 included a request for consideration of direct
exposure to groundwater in the future on-site residential land use scenario. The PHE,
Appendix F of the Draft RFI/RI Report, considered a hypothetical inhalation scenario, but,
through rigorous pathway analysis, did not evaluate a groundwater ingestion exposure pathway
because the small amount of groundwater at OUl near IHSS 119.1 was not considered
exploitable, based on modeling and drawdown calculations (Appendices B and C of Attachment
F2-2). Throughout numerous discussions, neither EPA nor CDH refuted the technical basis for
determining that groundwater in the vicinities of IHSS 119.1 could not be exploited for
residential use due to extremely low yield. This conclusion was widely accepted among
groundwater experts. This pathway is considered in the Final PHE at the insistence of EPA and
CDH. The following is a summary of the general approach of the exposure scenarios

memorandum.

In Technical Memorandum No. 6, climate, geology, hydrology, and biota at RFP in general and
at OUI1 in particular were all reviewed as background information. Because the prevailing wind
direction at RFP and drainage orientations at OUl are from the north and west, the off-site

receptor populations at greatest risk are those located south and east of the plant.

The memorandum included analyses of current and future land use and related human exposure
scenarios. The four land use groups considered in the memorandum included current on-site,
current off-site, future on-site, and future off-site land use. Human exposure potentials
associated with various land use options were evaluated separately for each of these four groups.
The potential land uses considered for each group included residential, commercial/industrial,

recreational, ecological reserve, and agricultural.

The current and future likelihood of each potential land use, both on- and off-site, was evaluated
in the memorandum. Table 1-6 lists the conclusions drawn from both local and federal planning
documents. Land uses classified as "credible” were the most likely, "plausible” land uses were

conceivable but not expected, and "improbable" land uses were considered unlikely.
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Exposure pathways were fully quantified in the PHE for the most credible land uses described
in the memorandum. Where there were several likely land use alternatives, exposure scenarios
were quantified only for those land uses with the highest potential for human exposure. It was
assumed that the potential risk associated with the quantified scenario would define the
boundaries of the potential risk for all other likely scenarios. Although future on-site residential
use is improbable, this scenario was considered at the request of EPA and CDH. Three cases
considering groundwater ingestion from residential use were added to the Final PHE (all cases
also included the inhalation pathway). The cases were 1) use of sitewide data and assumed
unlimited groundwater, 2) use of data from 119.1, where groundwater is assumed to be
unlimited (even though use is physically improbable), and 3) use of data from 119.1, where the
groundwater supply is limited, but is assumed to be supplemented by another water source,
augmenting the OU1 groundwater in the area by a factor of 10. Potential exposure pathways

to the current on-site industrial worker were also evaluated at the request of EPA and CDH.

The land use scenarios selected for quantitative exposure assessment included the following:

o Current off-site residential

o Current on-site commercial/industrial
e Future on-site residential

o Future on-site commercial/industrial
o Future on-site ecological reserve

Exposure pathways were recognized as complete, and the corresponding exposure parameters
were identified for each of these five scenarios. The exposure ‘parameters identified were used

in the PHE portion of the BRA to develop reasonable maximum exposure values.

1.4.7 Description of Models for the Public Health Evaluation

Technical Memorandum No. 7 (DOE, 1992¢) describes the contaminant fate and transport
models that were used to calculate the exposure to potential receptors identified in Technical
Memorandum No. 6 (DOE, 1992c). It was prepared as a preliminary report for the PHE as
required by the Interagency Agreement. Technical Memorandum No. 7 (Revision 2.0) was
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submitted for EPA and CDH review in July 1992. Comments received in August 1992 included

a request for groundwater modeling. The following is a summary of Technical Memorandum

No. 7.

A conceptual model of the site was provided that illustrated the relationship between sources,
release mechanisms and rates; transport media and processes; fate of contaminants; and potential
receptors. The primary means of contaminant migration in the upper hydrostratigraphic unit
(UHSU) is by volatilization of organic compounds and subsequent upward migration as a gas
in the unsaturated zone. Surface runoff water, through erosion, however, may also convey
contaminants by overland flow, and fugitive dust may be episodically resuspended by wind
erosion and transported to on- or off-site receptors. Pathways involving three transport media
were modeled for the BRA: the unsaturated (or vadose) zone, surface runoff water, and air.
Groundwater modeling is not employed because the available groundwater data suggest the
groundwater pathway is not complete (by virtue of the French Drain) and has not been
associated with any potential receptors. In a meeting between DOE and the regulatory agencies,
it was agreed that contaminant transport modeling would not be necessary to achieve RFI/RI
objectives. Rather, calculations including retardation factors and simplified transport equations
would be used to assess the possible velocity and ‘extent of contaminant migration. The
theoretical results would be compared with the sampling data to gauge the accuracy of the

procedure.
The following general criteria were considered in selecting the models:

. The selected model(s) should be able to adequately simulate site conditions.
o The selected model(s) should be able to satisfy the objectives of the study.
o The selected model(s) should be verified and reasonably well field-tested.

. The selected model(s) should be well documented, peer-reviewed, and available
to the public.

o The selected model(s) should be practical and cost effective.
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‘ Based on these criteria, the following models were selected to simulate the migration of

contaminants at QU1;

. The Jury (Jury et al., 1983) and Johnson (Johnson and Ettinger, 1991) models for
soil gas transport of VOCs contained in the unsaturated zone and stagnant
groundwater.

o The Universal Soil Loss Equation (Wischmeier and Smith, 1978) and associated
equations for surface water transport in overland flow to the SID.

° MILDOS-AREA (Yuan et al., 1989) for atmospheric modeling of emissions from
a source, transport in air, and deposition at receptor locations. The MILDOS-
AREA code was selected over other common models due to the capability to
model particulate emissions coupled to the joint frequency distributions of wind
speed, direction, and stability. Many other features of MILDOS-AREA are
similar to other common Gaussian dispersion models. MILDOS-AREA simulated
concentrations were coupled with the plant uptake (root and foliar) models
contained in the RESRAD code (Gilbert et al., 1989) and the consumption and
occupancy factors (DOE, 1992b) to estimate concentrations in potential receptors.

. The exposure parameters required to conduct modeling for the PHE were tabulated in Technical
Memorandum No. 7. The assumptions, uncertainties, and limitations associated with the
selected models were also included. The PHE conducted for the Phase III RFI/RI deviated from
the Work Plan as described below. |

o The Jury et al. (1983) model predicts concentrations of VOCs in ambient air in
hypothetical future structures as a result of volatilization of VOCs arising from
vadose zone soils. The Johnson and Ettinger (1991) model output is similar
except that it uses groundwater as the source for VOCs in air. Because OU1 soil
chemistry data revealed no VOC concentrations .in excess of 2.0 milligrams per
kilogram (mg/kg), and because this concentration would not make a significant
contribution to VOCs in a hypothetical structure, the use of the Jury model was
eliminated.

. For the case of contaminants in sediments, actual measured concentrations were
used in place of modeled values. Therefore, the Universal Soil Loss Equation was
not used for the PHE.
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Some data for modeling were obtained from the French Drain investigation that occurred prior
to the Phase III RFI/RI field investigation (EG&G 1992¢). Phase III data will be used to select

COCs and characterize source areas and pathways at OUl.

1.4.8 Contaminant Identification

Technical Memorandum No. 8 identified the COCs for the risk characterization at OU1 (DOE,
1992g). It was prepared as a preliminary report for the PHE as stipulated in the Interagency
- Agreement. Technical Memorandum No. 8 was submitted to EPA and CDH for review in
September 1992. Most of the document was incorporated into the Draft RFI/RI Report. Based
on EPA and CDH comments on the Draft RFI/RI Report, the methodology for identifying
contaminants was changed. This section summarizes the contaminant identification memorandum
and then presents the change in contaminant selection methodology used in this Final RFI/RI

Report.

Data from the OU1 Phase I, II, and III field investigations, supplemental surface soil sampling
program, and routine groundwater monitoring program were used to compile site-specific analyte
lists for the media (groundwater, surface soils, surface water, and sediment) where contaminants
have been analyzed and detected. These media are sources of OU1 contaminants and represent
the means by which current and future populations could potentially be exposed, either directly

or indirectly.

As described in Technical Memorandum No. 6, Exposure Scenarios (DOE, 1992c), potential
receptors could be exposed to contaminants in groundwater “that volatilize to soil gas and
potentially enter breathing air in a hypothetical future on-site resident home. Groundwater data
were used to compile a site-specific analyte list for the soil gas exposure pathway. Analytes
were limited to VOCs and SVOCs from the TCL and VOCs analyzed by EPA Method 502.2.

All of the exposure scenarios included direct contact with contaminants in surface soils and
airborne contaminants released from surface soils by wind erosion. Surface soil data were used
to compile a site-specific analyte list for the surface soil exposure pathway. Analytes consisted
of SVOCs, PCBs, pesticides from the TCL, metals from the TAL, and select RADs.
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The site-specific analyte list for the surface soil exposure pathway was also used for identifying
COC:s in surface water and sediment. Surface water and sediment monitoring stations in the SID
and Woman Creek are located outside OU1 and are potentially influenced by contaminants from
other OUs. Therefore, data from these stations are not exclusively representative of hazardous

substances present at OU1 that may have contributed to the transport pathways.

Once site-specific analyte lists were compiled, a screening process developed using Risk
Assessment Guidance for Superfund (RAGS) (EPA, 1989b) that consisted of the following:

J Eliminating chemicals considered essential human nutrients such as calcium,
magnesium, potassium, and sodium.

o Eliminating contaminants with a detection frequency less than 5%.

o Delineating hot spots, a step designed to retain contaminants with elevated
concentrations that might otherwise be eliminated because of infrequent detection.
Contaminants exhibiting elevated concentrations with respect to the central
tendency (mean) concentration include 1,1-dichloroethene, 1,1,1-trichloroethane,
acetone, carbon tetrachloride, tetrachloroethane, trichloroethene, and methylene
chloride.

. Eliminating contaminants with concentrations statistically similar to site
background concentrations. Statistical tests performed included the F-Test,
Bartlett’s Test of Homogeneity of Variance, and Mann-Whitney U (Wilcoxin
Rank Sum) Test. Tests were limited to metal and RAD data from surface soils.

o Eliminating contaminants contributing less than 1% of the risk based on a toxicity
screen.
o Evaluating mobility, persistence, and transformation products of contaminants that

were eliminated in the screening process. If high mobility, persistent, or toxic
transformation products were confirmed, professional judgment was used to retain
these contaminants on the list of concern. Chemicals thus retained as COCs are
the following: chloroform, methylene chloride, dichlorodifluoromethane, and
trichloro-fluoromethane.

Nineteen COCs were identified using this screening process; dibenzofuran was 1 of theA
19 COCs. The toxicity factor for dibenzofuran was changed during preparation of Technical
Memorandum No. 9, Toxicity Constants (DOE, 1992h), and as a result, dibenzofuran was
eliminated as a COC. Elimination of dibenzofuran allowed four PAHs to be retained as COCs
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including benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, and
dibenzo(a,h)anthracene. A total of 22 COCs were to be used in the PHE portion of the BRA
They are listed below for the four media.

. Groundwater: 1,1-dichloroethene, total 1,2-dichloroethene, 1,1,1-trichloroethane,
carbon tetrachloride, chloroform, dichlorodifluoromethane, methylene chloride,
tetrachloroethane, trichloroethene, and trichlorofluoromethane.

. Surface soil:  acenaphthene, Aroclor-1254, benzo(a)pyrene, fluoranthene,
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene,
dibenzo(a,h)anthracene, fluorene, pyrene, americium-241, plutonium-239, and
plutonium-240.

. Surface water:. americium-241, plutonium-239, and plutonium-240.

. Sediment: acenaphthene, Aroclor-1254, benzo(a)pyrene, fluoranthene, fluorene,
pyrene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene,
dibenzo(a,h)anthracene, americium-241, plutonium-239, and plutonium-240.

The list of COCs in the PHE of this Final RFI/RI Report is slightly different than that presented
above because the methodology for selection of OU1 contaminants was modified in response to
EPA and CDH comments on the Draft RFI/RI Report and the data sets are slightly different
(refer to the discussion in Section 2). The modified approach was presented to EPA and CDH
on July 13, 1993. In overview, the RFI/RI Report (Section 4) presents a complete list of
contaminants by media, and this list is further refined to a list of COCs using toxicological
criteria. The list of contaminants was established by comparing site analyte concentrations to
background concentrations using statistical analysis of variance (ANOVA) and comparison to
background tolerance intervals. Where differences between background and site analyte
concentrations were noted, the site data were further evaluated by assessing spatial and temporal
concentration distributions as well as an assessment of laboratory or field sampling introduced
artifact to assess whether elevated concentrations on site actually represent contamination. The
rationale for inclusion or exclusion of an analyte as a site contaminant was provided. This is

presented in Appendix D.
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1.4.9 Toxicity Constants

Technical Memorandum No. 9 identifies the human toxicity constants that are to be used in the
PHE portion of the BRA (DOE, 1992h). The BRA is part of the Phase IIl RFI/RI at OUl.
This memorandum was prepared as a preliminary report for the PHE as stipulated in the
Interagency Agreement. Technical Memorandum No. 9 was submitted for EPA and CDH
review in September 1992. The toxicity constants were developed according to procedures
presented in the RAGS (EPA, 1989b) and using the EPA Integrated Risk Information Sy.ftem
(IRIS) and Health Effects Assessment Summary Tables (HEASTs) (EPA, 1991a; 1992b; 1992c)
as the primary information sources. The toxicity constants were integrated with chronic daily

intakes in the risk characterization portion of the PHE to yield quantitative risk estimates.

The toxicity constants for the OUl COCs identified in Technical Memorandum No. 8,
Contaminant Identification (DOE, 1992g), included reference doses and associated uncertainty
factors for noncarcinogens and cancer slope factors and weight-of-evidence classifications for
carcinogens. Region VIII toxicologists recommend that cancer slope factors for PAHs be
derived using the toxicity equivalency factor approach in the New Interim Region IV Guidance
(EPA, 1992d). The RAD slope factors that have been determined by EPA are maximum
likelihood estimates due to extrapolation of low dose risks from risks observed at higher doses
using nonthreshold, linear dose-response relationships. The slope factors account for the
distribution, retention, and decay of RADs and daughter products in the body, the amount of
RAD transported into the bloodstream, the radiation dose delivered to specific organs and
tissues, and the age and sex of exposed individuals. Although health risks are calculated
differently for carcinogens and noncarcinogens, some COCs (e.g., carbon tetrachloride,
tetrachloroethene, and trichloroethene) can have both properties. Toxicological profiles for each
COC are presented in the PHE. References for toxicological benchmarks have not changed in
the Final RFI/RI Réport.

1.4.10 Soil Sampling for Geotechnical Analysis

Geotechnical data are required to support site characterization and pathway definition, and with
total organic carbon (TOC), are important inputs to site-specific fate and transport models. In
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preparation for collecting geotechnical samples and TOC samples at OU1, addenda to the SOPs
and the Work Plan were prepared in October 1991. This section discusses the geotechnical
sampling addendum, and Section 1.4.11 discusses the TOC soil sampling addendum.

The SOP addendum on soil sampling for geotechnical analysis supplements Geotechnical SOP
GT.02, Drilling and Sampling Using Hollow Stem Auger Techniques (EG&G, 1991a). The
geotechnical sampling plan for OU1 was prepared in conjunction with the SOP addendum; it
identified 10 sampling locations. During implementation, samples were collected from 11

boreholes, based on judgement calls in the field.

The geotechnical SOP addendum called for samples for permeameter testing to be taken by tfze
same method used for VOC samples. The latter method used a 3-inch, stainless-steel liner
known as a California sleeve. The geotechnical field sampling plan required geotechnical
samples to be taken in the uppermost alluvium (within 4 feet of the surface), in the lowermost
alluvium, and in the uppermost bedrock (within 4 feet of the contact). In addition, in bedrock
borings, one sample was taken in the approximate interval selected for packer testing and
well/piezometer screening. To expedite the analytical process, companion samples for sieve
analysis were taken from material immediately above each California sleeve sample and placed

into glass sample jars.

1.4.11 Seil Sampling for TOC Analysis

Total organic carbon analysis of soil samples was required because it is an important parameter
in developing site-specific fate and transport models. Therefore, an SOP addendum and field
sampling plan for TOC sampling were prepared in October 1991 in conjunction with the
geotechnical SOP and Work Plan addendum discussed above. The SOP addendum supplemented
guidelines in Geot.echnical SOP GT.02, Drilling and Sampling Using Hollow Stem Auger
Techniques (EG&G, 1991a). The field sampling plan identified 10 locations for sampling.
During implementation, samples were collected from 11 boreholes, based on judgement calls in

the field.
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The SOP addendum called for composite samples to be taken at 6-foot intervals. The sample
intervals required were similar to those for geotechnical sampling: uppermost alluvium (the top
6 feet), lowermost alluvium (difectly above the bedrock contact), and uppermost bedrock
(directly below the bedrock contact). In bedrock borihgs, a TOC composite was also required
in the approximate interval selected for packer testing and well/piezometer screening. Only one
alluvial sample was required if bedrock was encountered at 6 feet or less below the ground

surface.

1.4.12 Hand-Auger Sampling

This section summarizes an SOP addendum prepared in October 1991 in preparation for hand-
auger sampling activities at OUl. Hand-auger sampling was used in sample locations where it

was unsafe or impracfical to use a standard drilling rig.

The hand-auger SOP addendum presented specific guidelines for hand-auger sampling using both
split-spoon and sludge sampler techniques. Ultimately, split-spoon methods were used at the two
locations that were hand augered. The split-spoon sampler was 2 1/2 inches measured on the
inside diameter (i.d.) and was 2 feet long. The addendum stipulated that the split-spoon be
driven with a slide hammer in 1-foot increments until auger refusal or to a depth of 10 feet.
Samples were taken in polybutyrate tubes placed inside the split-spoons before sampling. After
each 1-foot interval was driven, the split-spoon was retrieved from the hole and the polybutyrate
sleeve was removed, capped, taped, labeled, recorded, and placed in a cooler whose interior

temperature was kept at 4 degrees Centigrade.

After sending the first set of samples for analysis, the laboratory informed field personnel that
polybutyrate-tubed core samples were not acceptable for organics analysis. As a result, both
locations were redrilled less than 5 feet from the original locations using split-spoon samplers

equipped with standard 3-inch-long, stainless-steel sleeves used for VOC sampling.
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Table 1-1

Phase III RFI/RI Objectives, Proposed Work, and Completed Work (Page 1 of 6)

Objective Proposed Work Completed Work

(1) Determine the extent of »  Install additional monitoring wells and piezometers. »  Installed 23 new UHSU wells, 3 new LHSU wells, 4 new UHSU
saturation and groundwater piezometers, and 1 new LHSU piezometers.
flow directions for the
unconfined flow system e Maintain and utilize the Rocky Flats Environmental e All new geologic and hydrologic data were input to the RFEDS database,
both spatially and Database System (RFEDS) for water level data from which was then utilized to select an integrated data subset for preparation
temporally. which potentiometric surface maps, saturated thickness of maps and cross sections used to refine the Operable Unit No. 1 (QU1)

(2) Describe the interaction .
between the surface water
and groundwater pathways.

(3) Quantify material .
properties.

(4) Describe all soilsand rock
materials,

(5) Verify the hydrogeologic .
site conceptual model for
OUl.

maps, cross sections, and hydrographs can be prepared.

Compare water levels and water quality data from
surface water sampling locations and groundwater.

Perform aquifer tests to develop hydraulic conductivity
and storage coefficient values for surficial materials.

Implement field logging program utilizing Standard
Operating Procedures (SOPs).

Integrate sitewide geologic and geophysical studies
with hydrogeologic data from OUL1.

hydrogeologic model (Section 3.7).

The interaction of surface water and groundwater was described utilizing
an integrated data set taken from surface water and groundwater
monitoring locations (Section 3.4).

Aquifer tests were performed or attempted at the following locations:
packer tests at 37891, 37991, 39191, and 39291; slug injection/slug
withdrawal tests at 31891, 34791, 35691, 37191, 37891, 38191, and
39291; bail down/recovery tests at 36191, 37591, 37791, 37991, 38591,
38991 and 39191; pumping tests and tracer tests at 39891 and at 15-
wellpoint array at Test Site # 1 (Section 3.7).

Soils and rock materials recovered at 114 drilling locations were logged
according to the SOPs (Section 3.6).

Geologic and hydrogeologic findings from sitewide geologic mapping,
drilling, geophysics, french drain geologic mapping, and adjoining
Operable Unit No. 2 (OU2) studies were integrated with QU1 data to
refine the conceptual model (Section 3.7)
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Table 1-1

Phase III RFI/RI Objectives, Proposed Work, and Completed Work (Page 2 of 6)

Objective

Proposed Work

Completed Work

Characterize Contaminant § :

(6) Characterize the nature and
distribution of waste
materials remaining on site.

(7) Characterize soils beneath
wastes as well as soils at
sites where wastes have
been removed as potential
contaminant sources.

(8) Identify which sites or
subareas of sites are sources
of contaminants in
groundwater.

Collect samples from boreholes drilled directly through s
individual hazardous substance sites (IHSSs) where
possible. Collect waste samples as well as soil samples
from beneath the wastes. Analyze samples for Target
Compound List (TCL) volatiles, semivolatiles,
pesticides/polychlorinated biphenyls (PCBs), metals

and inorganics, and radionuclides

See above. .

Install alluvial groundwater monitoring wells directly  »
beneath sites to assess groundwater levels and quality.

Install alluvial groundwater monitoring wells directly
upgradient and downgradient of each site to pinpoint ~ *
the source of contaminants.

Four-hundred-nineteen soil samples were collected from soil boreholes
as well as from monitoring well boreholes. Additional samples were
taken from the effluent of the Building 881 footing drain and a drum of
Coherex. Any recognizable waste materials were sampled according to
the SOPs, along with the underlying soils. Analyses were completed
according to the chemical analysis plan (Technical Memorandum No. 1).
Boreholes were within or as close as possible to all designated IHSSs as
well as in intervening areas. Figure 2-1 depicts the locations of all Phase
111 stations used for data collection to IHSSs. Results were used to
characierize wastes and underlying soils (Section 4.3, 4.9),

See above (Section 4.3, 4.9).

Ten monitoring wells were installed in sites and IHSS (Figure 2-1).
Samples were collected under the routine monitoring program and
analyzed where groundwater was present. Data were used to identify
sources of groundwater contamination (Sections 4.3, 4.9).

Three upgradient and eight downgradient alluvial monitoring wells were
installed (Figure 2-1) relative to individual or groups of IHSSs. Also,
two wells (one upgradient, one downgradient) were completed in
subcropping sandstones. Wells were developed and samples were
collected under the routine monitoring program and analyzed where
groundwater was present. Data were used to locate sources of
groundwater contamination and determine the extent of contamination.
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Table 1-1

Phase 11l RFI/RI Objectives, Proposed Work, and Completed Work (Page 3 of 6)

Objective

Proposed Work

Completed Work

(9) Determine the horizontal
and vertical extent of
surface radionuclide soil
contamination due to wind
dispersion.

(10) Determine the nature and
extent of groundwater
contamination in surficial
(i.c., alluvial) materials.

Collect surface soil scrapes in the study area following
Colorado Department of Health (CDH) sampling
procedures and analyze for radionuclides.

Sample and analyze vertical soil profiles for
radionuclides.

Install alluvial groundwater monitoring wells in
surficial materials located between areas of known
groundwater contamination and areas with no
groundwater contamination to delineate the extent.
Collect groundwater samples and analyze for TCL
volatiles, semivolatiles, pesticides/PCBs, metals and
inorganics, and radionuclides.

Surface soil samples were collected as part of the OU2 Phase II RFI/RI
investigation according to CDH procedures at 11 locations in QU1 and
analyzed for radionuclides. Surface soil samples were collected
according to Rocky Flats Plant (RFP) procedures at 28 locations
(Technical Memorandum No. 5), and were analyzed for radionuclides
and other contaminants (Section 4.4).

Samples were collected from vertical soil profiles at four locations and
were analyzed for radionuclides as part of the QU2 Phase II RFI/RI field
investigation.

See Objective 8, second bullet under the Completed Work column
(Section 4.7).
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Table 1-1

Phase III RFI/RI Objectives, Proposed Work, and Completed Work (Page 4 of 6)

Objective

Proposed Work

Completed Work

(11) Determine the location of
the weathered and
unweathered sandstone
units and the extent of the
associated contamination.

(12) Characterize surface water
quality.

- Install bedrock monitoring wells in new boreholesin
- which sandstones are encountered, including boreholes

that were initially planned for installation of alluvial
wells, as well as selected boreholes planned
specifically to seek sandstone. Produce east-west and
north-south geotogic and water level cross sections as
data permit. Collect groundwater samples and analyze
for TCL volatiles, semivolatiles, pesticides/PCBs,
metals and inorganics, and radionuclides.

Continue collection of surface water from existing .
monitoring stations on a quarterly basis. Establish
sediment stations directly associated with OU1 as
sediment availability permits. Analyze samples for

TCL volatiles, metals and inorganics, and

radionuclides. Analyze surface water samples for both
dissolved and total metals and radionuclides to

determine if constituents are suspended or dissolved.
Continue routine flow rate measurements at surface

water stations.

Two new bedrock monitoring wells were installed in boreholes planned
specifically to seek bedrock sandstone at locations 31891 and 39691.
Sandstones were found at the bedrock contact and these wells are
screened in the sandstone unit. Also,well 31491 is screened in colluvium
and sandstone. Two new bedrock piezometers (38991 and 39291) were
installed in bedrock boreholes planned specifically to seek sandstone; in
one of these, sandstone was not encountered, but a piezometer was
installed nevertheless. Wells were developed and samples were collected
under the routine monitoring program and analyzed where groundwater
was present. Data were used to determine the location of the weathered
and unweathered sandstone units and the extent of the associated
contamination (Sections 3.7,4.7).

Samples were collected from surface water stations under the romine
monitoring program on a quarterly basis and in some cases, more
frequently. Six new sediment stations (SED037, SED038, SED039,
SED040, SED041, and SED042) were established downgradient of OU1
in the South Interceptor Ditch and Woman Creek. The surface water and
sediment samples were analyzed according to the chemical analysis plan
(Technical Memorandum No. 1). Routine flow measurements at surface
water stations were continued. Data were used o characterize surface
water quality (Section 4.6.1).




Table 1-1
Phase III RFI/RI Objectives, Proposed Work, and Completed Work (Page 5 of 6)

Objective Proposed Work Completed Work

(13) Characterize radionuclides « . Continue collection of surface water and sediment from «  See above (Section 4.6.2).
in Woman Creek - existing monitoring stations on a quarterly basis.
sediments, Establish sediment stations directly associated with

QU1 as sediment availability permits. Analyze
samples for TCL volatiles, metals and inorganics, and
radionuclides. Analyze surface water samples for both
dissolved and total metals and radionuclides to
determine whether constituents are suspended or
dissolved. Continue routine flow rate measurements at
surface water stations.

(14) Identify and implement »  Maintain the RFEDS for all data collected duringthe  »  All data collected during the Phase III RFI/RI were input to the RFEDS

data management Phase III RFI/RI. Utilize this database system to database and then extracted for evaluation and assessment (Section 4.1).
procedures. evaluate resulting data.

(15) Collect data of sufficient +  Adhere to the Rocky Flats Plant Environmental ¢ The Phase Il RFI/RI data collection effort at OU1 was implemented in
quality to facilitate Restoration (ER) Program Quality Assurance Project accordance with the RFP ER Program QAPjP, GRRASP, and the QAA
development of a site Plan (QAPjP), General Radiochemistry and Routine for OU1 resulting in data meeting data quality objectives. The data were
conceptual model and Analytical Services Protocol (GRRASP), and the site- used to refine the site conceptual model and to facilitate comparison to
comparison to applicable specific Quality Assurance Addendum (QAA). potential ARARs (Section 4.1).
or relevant and appropriate
requirements (ARARS).

(16) Describe contaminant fate ¢  Use existing literature and field data to describe the »  Contaminant fate and transport have been described using up-to-date
and transport. physiochemical processes associated with site literature and all field data. Phase III data have been used in the risk

contaminants. Incorporate Phase III results into risk analysis.
analysis.

egé&gloul\dfi-ivmac2/94 -




, b.z:.cz no\8p8s

“Iad I11 PUE *I] °] 504 UO Poseq SISATeUE EIep -
"BIEp I1] 95ty Sursn pouuojsod uadq STy JUIWSSISSE YSU AUIASEq Y« 1¥ U Jo Lred 5 Judwssasse ysu utjoseq € redard

*AATIBWIA[E [BIPOWAL

uonOY ON 241 woIj

JUSWUONMAUD Y} PUE YIfedy
arjqnd 011821 Y1 SS38SY (L) -

YoM parojdwo) : Hopm pasodoid

aan%fqQ -

(9 30 9 93eq) o\ pAaajdwio)) pue ‘YIop\ pasodold ‘saAndRIqO 1Y/14Y 111 3seyd
[-131qeL




Table 1-2

Summary of Documents Pertaining to Investigations Performed at Rocky Flats Plant Operable Unit No. 1 (Page 1 of 3)

Title of Document Author Date
Public Health Risk Assessment, 881 Hillside Area (OU1), Technical Memorandum No. 9, Toxicity Constants, Department  DOE September 1992
of Energy, Rocky Flats Plant, Golden Colorado
Public Health Evaluation, 881 Hillside Area (OU1), Technical Memorandum No. 8, Contaminant Identification, DOE September 1992
Department of Energy, Rocky Flats Plant, Golden, Colorado, Draft
Description of Models for the Public Health Evaluation, Operable Unit One, Technical Memorandum No. 7, Departmentof  DOE . July 1992
Energy, Rocky Flats Plant, Golden, Colorado, Revision 2.0
Public Health Risk Assessment, 881 Hillside Area (OU1), Technical Memorandum No. 6, Exposure Scenarios, Department  DOE June 1992
of Energy, Rocky Flats Plant, Golden, Colorado, Revision 4.0
Final Interim Measure/Interim Remedial Action French Drain Performance Monitoring Plan, 881 Hillside Area (Operable = DOE. May 1992
Unit No. 1), Department of Energy, Rocky Flats Plant, Golden, Colorado
Draft Final Technical Memorandum No. 5, Addendum to Final Phase III RFI/RI Work Plan, Surface Soil Samplingand DOE February 1992
Analysis Plan, 881 Hillside Area (Operable Unit'No. 1), Department of Energy, Rocky Flats Plant, Golden, Colorado
Technical Memorandum No. 4, Addendum to the Final Phase III RFI/RI Work Plan, Tracer Test Plan, 881 Hillside Area DOE November 1991
{Operable Unit No. 1), Department of Energy, Rocky Flats Plant, Golden, Colorado
Technical Memorandum No. 3, Addendum to Final Phase III RFI/RI Work Plan, Multi-Well Pumping Test Plan, 881 DOE November 1991
Hillside Area (Operable Unit No. 1), Department of Energy, Rocky Flats Plant, Golden, Colorado
Draft Final Phase III RI/FS Environmental Evaluation Field Sampling Plan, 881 Hillside Area (Operable Unit No. 1), DOE November 1991
Department of Energy, Rocky Flats Plant, Golden, Colorado
Technical Memorandum No. 2, Responses to August 1, 1991 EPA Comments on the Operable Unit No. 1 RFI/RI Work  DOE August 1991

Plan, Environmental Restoration, Program Department of Energy, Rocky Flats Plant, Golden, Colorado
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Table 1-2

Summary of Documents Pertaining to Investigations Performed at Rocky Flats Plant Operable Unit No. 1 (Page 2 of 3)

Title of Document Author Date
Technical Memorandum No. 1, Addendum to Final Phase III RFI/RI Work Plan, Chemical Analysis Plan, Rocky Flats DOE August 1991
Plant, 881 Hillside Area (Operable Unit No. 1), Department of Energy, Rocky Flats Plant, Golden, Colorado
Quality Assurance Addendum (QAA 1.1) to the Rocky Flats Site-Wide Quality Assurance Project Plan for CERCLARI/FS  DOE July 1991
and RCRA RFI/CMS Activities for Operable Unit No. 1, 881 Hillside Area Phase III RFI/RI, Department of Energy, Rocky
Flats Plant, Golden, Colorado
Final Phase III RFI/RI Environmental Evaluation Work Plan, Rocky Flats Plant, 881 Hillside (Operatle Unit No. 1), DOE June 1991
Department of Energy, Rocky Flats Plant, Golden, Colorado
Final 881 Hillside Area Phase 111 Field Program (Operable Unit No. 1) Site Health and Safety Plan, EG&G Rocky Flats, EG&G April 1991
Inc.
Final Phase III RFI/RI Work Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No. 1), Department of Energy, DOE March 1991
(Revision 1), Rocky Flats Plant, Golden, Colorado
Operable Unit No. 1 Interim Measure/Interim*Remedial Action Implementation Document for Department of Energy, EG&G February 1991
Rocky Flats Plant, Golden, Colorado
Response to EPA and CDH Comments on the Draft Phase III, RI/FS Work Plan 881 Hillside Area (Operable Unit No. 1), DOE October 1990
Department of Energy, Rocky Flats Plant, Golden, Colorado
Final Phase III RFI/RI Work Pian, Rocky Flats Plant, 881 Hiliside Area (Operable Unit No. 1), Deparment of Energy, = DOE October 1990
Rocky Flats Plant, Golden, Colorado ‘
French Drain Geotechnical Investigation, Department of Energy, Rocky Flats Plant, Golden, Colorado EG&G October 1990
Final Interim Measures/Interim Remedial Action Plan and Decision Document, 881 Hillside Area (Operable Unit No. 1), DOE January 1990

Department of Energy, Rocky Flats Plant, Golden, Colorado

eg&g\oul A2/94 ‘




Table 1-2

Summary of Documents Pertaining to Investigations Performed at'Rocky Flats Plant Operable Unit No. 1 (Page 3 of 3)

Title of Document Author Date
Final Environmental Assessment for 881 Hillside (High Priority Sites) Interim Remedial Action, Department of Energy, DOE January 1990
Rocky Flats Plant, Golden, Colorado
Drawing No. 38548-127, General Site Plan and French Drain Re-Survey, Remedial Action, 881 Hillside Area, Rocky Flats  Engineering- 1990
Plant Science
881 Hillside Remedial Investigation and Feasibility Study Response to EPA Comments Rockwell February 1989
Draft Feasibility Study Report for High Priority Sites (881 Hillside Area), Department of Energy, Rocky Flats Plant,  Rockwell March 1988
Golden, Colorado
Draft Final Remedial Investigation Report for High Priority Sites (881 Hillside Area), Department of Energy, Rocky Flats ~ Rockwell March 1988

Plant, Golden, Colorado

CERCLA = Comprehensive Environmerital Response, Compensation, and Liability Act
CDH = Colorado Department of Health

CMS = Corrective Measure Study

EPA = Environmental Protection Agency

OUul = Operable Unit No. 1

RCRA = Resource Conservation and Recovery Act

RFI/RI = RCRA Facility Investigation/Remedial Investigation

RI/FS = Remedial Investigation/Feasibility Study
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Table 1-3
Summary of Phase III RFI/RI Work Plan Technical Memoranda and Standard Operating Procedure Addenda (Page 1 of 2)

Technical Memorandum/
SOP Addendum Title of Document Date

1 Addendum to the Final Phase III RFI/RI Work Plan, Chemical Analysis Plan, Rocky Flats Plant, August 1991
881 Hillside Area (Operable Unit No. 1), Department of Energy, Rocky Flats Plant, Golden,
Colorado

2 Responses to August 1, 1991 EPA Comments on the Operable Unit No. 1 RFI/RI Work Plan, August 1991
Environmental Restoration Program, Department of Energy, Rocky Flats Plant, Golden,
Colorado

3 Addendum to the Final Phase III RFI/RI Work Plan, Muiti-Well Pumping Test Plan, 881 November 1991
Hillside Area (Operable Unit No. 1), Department of Energy, Rocky Flats Plant, Golden,
Colorado

) Addendum to the Final Phase I RFI/RI Work Plan, Tracer Test Plan, 881 Hillside Area November 1991
(Operable Unit No. 1), Department of Energy, Rocky Flats Plant, Golden, Colorado

5 Addendum to the Final Phase III RFI/RI Work Plan, Surface Soil Sampling and Analysis Plan, February 1992
Rocky Flats Plant, 881 Hillside Area (Operable Unit No. 1), Department of Energy, Rocky Flats
Plant, Golden, Colorado, Draft Final

6 Public Health Risk Assessment, 88 1' Hillside Area (OU1), Exposure Scenarios, Department of June 1992
Energy, Rocky Flats Plant, Golden, Colorado, Revision 4.0

7 Description of Models for the Public Health Evaluation, Operable Unit One, Department of July 1992
Energy Rocky Flats Plant, Golden, Colorado, Revision 2.0

EMD = Environmental Management Department
Environmental Protection Agency

Operable Unit No. 1

RCRA Facility Investigation/Remedial Investigation
Standard Operating Procedure Addendum

Total Organic Carbon

]
K

RFI/RI
SOPA
TOC
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Table 1-3
Summary of Phase 11l RFI/RI Work Plan Technical Memoranda and Standard Operating Procedure Addenda (Page 2 of 2)

Technical Memorandum/

SOP Addendum Title of Document Date
8 Public Health Evaluation, 881 Hillside Area (OUI), Contaminant Identification, Department of September 1992
Energy, Rocky Flats Plant, Golden, Colorado, Draft
9 Public Health Risk Assessment, 881 Hillside Area (OU1), Toxicity Constants, Department of September 1992
Energy, Rocky Flats Plant, Golden, Colorado
Geotechnical EMD Geotechnical SOPA, OU1 Soil Sampling for Geotechnical Testing Addendum, Rocky October 1991
Flats Plant
TOC EMD Geotechnical SOPA, OU1 Soil Sampling for Total Organic Carbon Anaysis, Rocky Flats October 1991
Plant
Hand Auger EMD Geotechnical SOPA, OU1 Hand Auger Sampling, Rocky Flats Plant October 1991
EMD = Environmental Management Department
EPA = Environmental Protection Agency
OU1 = Operable Unit No. 1
RFI/R1 = RCRA Facility Investigation/Remedial Investigation

SOPA = Standard Operating Procedure Addendum
TOC = Total Organic Carbon
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Table 1-4
EPA/CDH Modifications to Chemical Analysis Plan for Phase III RFI/RI (Page 1 of 2)

Borehole/ Workplan Propbsed
IHSS Well/SED BH/MW/SED Chemical EPA/CDH Modifications
Number Number Designation Analysis ~Justification Provided for Modification
102 0887 0887 CLP VOA EPA Method 502.2 VOA Bedrock well downgradient from IHSS
107 39491 BH21 CLP VOA All TCL organics Not previously investigated
0387 0387 CLP VOA EPA Method 502.2 VOA Previous sampling indicates contamination; only
bedrock well downgradient from IHSS
119.1 0487 0487 CLP VOA All TCL organics Previous sampling indicates contamination
4387 4387 CLP VOA All TCL organics Previous sampling indicates contamination
0587 0587 CLP VOA EPA Method 502.2 VOA Only bedrock well in area of known contamination
32791 MW25 CLP VOA All TCL organics Downgradient from known contamination
33091 MWwW28 CLP VOA All TCL organics Downgradient from known contamination
34891 BH27 CLP VOA All TCL organics Adjacent to well with known contamination
33691 MW10 CLP VOA All TCL organics Not previously investigated
119.2 4587 4587 . CLP VOA EPA Method 502.2 VOA Only bedrock well in IHSS
© 33191 BH35 ) CLP VOA All TCL organics Not previously investigated
32991 BH39 CLP VOA All TCL organics Not previously investigated
34591 MWI12 CLP VOA All TCL organics Not previously investigated
34791 MW13 . CLP VOA All TCL organics Not previously investigated
Woman 30091 BH54 CLP VOA All TCL organics Not previously investigated
Creek SED 37 SED 37 CLP VOA CLP VOA, pesticides/PCBs Not previously investigated
BH = Borehole MW = Moniloring well
CDH =  Colorado Department of Health PCB = Polychlorinated biphenyls
CLP =  Contract Laboratory Program SED = Sediment sampling station number
EPA =  Environmental Protection Agency TCL = Target Compound List
IHSS = Ind_ividual Hazardous Substance Site VOA = Volatile organics analysis
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Table 1-5

Analytical Suite for Each Phase III Borehole and Monitoring Well (Page 1 of 4)

eg&g\oul\fi-mac\2/94

Borehole/Well Work Plan VOCs SVOCs Radionuclides Metals Indicators
Number Designation
30091 BH54 X X X X X
30191 BHS53 X NA X X X
30291 BH06 X X X X X
30391 BH52 X NA X X X
30491 BHS52 offset X NA X X X
30591 BHS51 X X X X X
30691 BH09 X X X X X
30791 BHO8/MW36 X X X X X

© 30891 BHO7 X X X X X
3099 MWw35 X NA NA NA NA
31091 BHOS X X X X X
31191 MW32 X NA NA NA NA
31291 BHO5 offset X NA X X X
31391 MW31 X NA NA NA NA
31491 MW30 X NA NA NA NA
31591 BHO03 X X X X X
31691 BHOS offset X X X X X
31791 MW36 offset X NA NA NA NA
31891 BH0O4/MWO02 X X X X X
31991 BH48 X X X X X
32091 BH18 X X X X X
32191 BH16 X NA X X X
32291 MW33 X NA NA NA NA
32391 BH49 X X X X X
32491 BH17 X X X X X
32591 MwW24 X NA NA NA NA
32691 BH36 X NA X X X
32791 MW25 X NA NA NA NA
32891 BH38 X - NA X X X
32991 BH39 X X X X X
33091 MW28 X NA NA NA NA
NA = Not Analyzed
SVOC = Semivolatile Organic Compound
VOC = Volatile Organic Compound



Table 1-5
Analytical Suite for Each Phase III Borehole and Monitoring Well (Page 2 of 4)

Borehole/Well Work Plan VOCs SVOCs Radionuclides Metals Indicators
Number Designation : '

33191 BH35 X X X X X
33291 BH34 X X X X X
33391 MW27 X NA NA NA NA
33491 MW09 X NA NA NA NA
33591 BH37 X X X X X
33691 MWI10 X NA NA NA NA
33791 BH33 X NA X X X
33891 MWO08 X NA NA NA NA
33991 BH25 X NA X X X
34091 BH29 X NA X X X
34191 MW07 X NA NA NA NA
34291 BH28 X X X X X
34391 MWI11 X NA NA NA NA
34491 BH24 X NA X X X
34591 MWI12 X NA NA NA NA
34691 BH32 X X X X X
34791 MWI13 X NA NA NA NA
34891 BH27 X X X X X
34991 » BH31 X NA X X X
35091 MW26 X NA NA NA NA
35191 BH19/MWO06 X NA X X X
35291 BH30 X NA X X X
35391 BH50/MW19 X NA X X X
35491 BH26 X NA X X X
35591 BH23 X NA X X X
35691 MW17 X NA NA NA NA
35791 BH43 X NA X X X
35891 BH40 X NA X X X
35991 MW18 X NA NA NA NA
36091 BH44 X X X X X
36191 MWO05 X NA. NA NA NA
NA = Not Analyzed

SVOC = Semivolatile Organic Compound

voC Volatile Organic Compound
e @




Table 1-5

Analytical Suite for Each Phase III Borehole and Monitoring Well (Page 3 of 4)

Borehole/Well Work Plan VOCs SVOCs Radionuclides Metals Indicators
Number Designation

36291 BH41 X. NA X X X
36391 BH45/MW14 X X X X X
36491 BHO1/MWO01 X X X X X
36591 BH13 X X X X X
36691 BH46/MW15 X NA X X X
36791 BHI12 X X X X X
36891 BH11 X X X X X
36991 BH10/MW04 X X X X X
37091 BH14 X X X X X
37191 BH47/MW16 X X X X X
37291 BH20 X X X X X
37391 BHO2 X X X X X
37491 BH42 X NA X X X
37591 MWwW22 X NA NA NA NA
37691 MW23 X NA NA NA NA
37791 MW21 X NA NA NA NA
37891 MW270offset X NA NA NA NA
37991 MW29 X NA NA NA NA
38091 MW20 X NA NA NA NA
38191 PZ05 X NA NA NA NA
38291 PZ06 X NA NA NA NA
38391 MWO03 X NA NA NA NA
38491 MWO3 offset X NA NA NA NA
38591 MW34 X NA NA NA NA
38691 MW37 X NA NA NA NA
38791 MW37 offset X NA NA NA NA
38891 PZ02 X NA NA NA NA
38991 PZ03 X NA NA NA NA
39091 PHO1 X NA NA NA NA
39191 MW28 offset X NA NA NA NA
39291 PZ01 X NA NA NA NA
NA = Not Analyzed

SVOC = Semivolatile Organic Compound

VOC = Volatile Organic Compound
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Table 1-5

Analytical Suite for Each Phase III Borehole and Monitoring Well (Page 4 of 4)

Borehole/Well Work Plan VOCs SVOCs Radionuclides Metals Indicators
Number Designation

39391 PZ02 X NA NA NA NA
39491 BH21 X X X X X
39591 BH22 X NA X X X
39691 MW20 offset X NA NA NA NA
39791 PHO3 X NA NA NA NA
39891 Drive Point Hole X NA NA NA NA
NA = Not Analyzed

SVOC = Semivolatile Organic Compound

V:' Volatile Organic Compound
2 mac2/H4 .




Table 1-6

Analysis of Current and Future Land Use for Rocky Flats Plant Operable Unit No. 1* (Page 1 of 1)

Current

Future

Land Use Classification or Off-Site On-Site Off-Site On-Site
Category

Residential Yes No Credible Improbable
Commercial/Industrial Yes Yes Credible Credible
Recreational Yes No Credible Plausible
Ecological Reserve No No Improbable Credible
Agricultural Yes No Plausible Improbable

*  Land use possibilities are addressed in Technical Memorandum No. 6 (Revision 4.0). Supplementary scenarios have been included in the public health

evaluatio_n.
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SECTION 2
OU1 FIELD INVESTIGATION

The OUI Phase III RFI/RI was an integrated investigation that was designed and implemented
to address potential contamination in several media, and was focused to fill specific data gaps
identified in previous investigations. This section of the report describes all components of the

Phase ITI field investigation.

The four general objectives of the OU1 Phase III RFI/RI identified in the Work Plan (DOE,
1991b) were to characterize site physical features, contaminant sources, and nature and extent
of contamination, and to provide a BRA. In order to achieve these objectives, the following

types of investigations were performed at OU1:

o IHSS Investigations

o Air Quality and Meteorological Investigations
o Surface Water and Sediment Investigations

. Geological Investigations

o Surface Soils Investigations

o Groundwater Investigations

. Ecological Investigations

o Hot Spot Investigations

In general, the source characterization objective was addressed by the IHSS investigations; the
site physical features and nature and extent of contamination were characterized as a part of the
THSS, surface water and sediment, geologic, and groundwater investigations; and the BRA is
supported by data from all of the investigations, including the air quality and ecological
investigations. Table 2-1 lists the various programs under which the investigations at OU1 were

carried out. The subsections in Section 2 describe each of the investigations listed above.

Final Phase IT1 RFI/RI Report June 1994
EG&G, Operable Unit Number 1 Page 2-1
cg&gloul\rfi-rilsec-2.jun




2.1 DATA SETS

The Phase III RFI/RI Report presents all analytical data collected at OU1 from January 1990
through June 1992, with the exception of data that have been determined to be unacceptable
(rejected during the data validation process). These data are presented in summary tables and
are the data that were evaluated to determine contaminants at OUl. This data set is also used
in the PHE and EE. Pre-1990 Phase I and II chemical data have been reviewed to confirm
trends or note contradictions, and are presented in separate summary tables in the report. These
data have been segregated from the more current data because the quality of the data is
largely unknown. Data from the radiological screening survey that was completed in the Spring
1993 have also been evaluated and incorporated into the text. The Phase II data are not used
in the PHE or the EE.

Hydrogeological interpretations presented in the final report utilized all available groundwater
level data, and these data are presented in Appendix B. These data were used to construct

potentiometric surface maps and to determine whether any hydrological trends were evident.

The sampling stations that are used in the Phase III Report are listed in Table 2-2. These
include both Phase III and Phase I and II stations. Borehole logs for the borings and wells are
included in Appendix A. The hydrological evaluation included data from locations that were not
considered in the bulk of the RI Report. These are wells that were drilled as part of the
background investigation or in conjunction with the investigations, either at OU2, and they

appear only on the hydrological maps.

2.2 INDIVIDUAL HAZARDOUS SUBSTANCE SITE INVESTIGATIONS

The OU1 Phase III RFI/RI QU1 drilling program was conducted to provide a better definition
of potential sources of contamination, site physical features, and the nature and extent of
contamination present at OUl. Tables 2-3 and 2-4 present the locations, purpose, and
completion details for boreholes and monitoring wells on an IHSS-by-IHSS basis. Figure 2-1

shows Phase ITII RFI/RI borehole and monitoring well locations.
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Drilling locations were generally chosen relative to one or more of the 11 IHSS locations. For
each IHSS, boreholes and/or monitoring wells were drilled within or near the IHSS for geologic
characterization and definition of the nature and extent of contamination at each source.
Boreholes were also drilled downgradient of various IHSSs, near the SID, and in the Woman
Creek Valley Fill Alluvium to assess the nature and extent of soil contamination in areas

downgradient of IHSSs. Monitoring wells were installed both upgradient and downgradient of

OU1 IHSSs to isolate the impact of these IHSSs on groundwater quality. Finally, additional

monitoring wells were installed along the SID and along Woman Creek in order to characterize
groundwater quantity and quality in these downgradient areas, and to assess the interaction of

the surface water and groundwater pathways.

Each drilling location specified in the Work Plan (DOE, 1991b) was designated a piezometer
(indicated by a "PZ" designation), a borehole (indicated by a "BH" designation), a monitoring
well (indicated by an "MW" designation), or a combination borehole and monitoring well.
These designations, shown as "proposed numbers" in Tables 2-3 and 2-4, indicate the purpose
of the drilling location and the drilling and completion details. It is important to note that
because of conditions encountered at the site, drilling or completing wells in certain IHSS
locations could not be performed. Therefore, a well may have been installed downgradient when

the original purpose was to monitor the actual THSS.

At borehole locations, the soil samples were used to characterize subsurface soils and to
determine the nature and extent of soil contamination by sampling for an extensive suite of
analytes. Following sample collection, the borehole was grouted to surface and the location was
abandoned following procedures in Geotechnical SOP GT.05, Plugging and Abandonment of
Boreholes (EG&G, 1991a). Locations with both borehole and monitoring well designations were
sampled like other boreholes, then completed as monitoring wells. At both monitoring well and
piezometer locatidns, soil samples were collected only at the water table and at the
alluvium/bedrock contact. Both monitoring well and piezometer locations were cased and
grouted. During the continued groundwater monitoring program the depth to groundwater was
measured and aqueous samples were collected from the monitoring wells. Only the depth to

water was measured at the piezometers during the routine monitoring.
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Several locations originally proposed as monitoring wells were not completed because of shallow
bedrock conditions. These locations were sampled as monitoring wells, i.e., at the water table
(if it was present) and at the bedrock contact. Because they were not completed, these locations
are designated as boreholes on all maps in this report. The locations are 31191, 31391, 32291,
32791, 33091, 33391, 34191, 34391, 35091, 38091, 38391, and offset 38491, 38691, and offset
38791. In addition, at three borehole/monitor well locations, 30791, 35191 and 36491 were not

completed as wells.

In addition to the borehole, piezometer, and monitoring well locations, pilot holes (indicated by
a "PH" designation) were drilled at potential multiple-well test sites, and wellpoints were
installed at the single site used for the multiple-well test. Limited soil sampling was also
performed in the pilot holes.

A total of 114 borings was drilled, including 95 borings for sampling and/or monitoring, 3
borings for pilot holes, and 16 borings for wellpoints. All 16 wellpoints were temporary
installations. Twenty-six monitoring wells and 5 piezometers were installed at 31 of the
monitoring locations. Following Geotechnical SOP GT.06, Monitoring Wells and Piezometer
Installation (EG&G, 1991a), 96 of the 114 drilling locations were initially drilled using rig-
mounted hollow-stem augers following Geotechnical SOP GT.02, Drilling and Sampling Using
Hollow Stem Auger Techniques (EG&G, 1991a). The 16 wellpoint locations were drilled using
rig-mounted solid augers, and the other 2 locations were drilled manually using a drive hammer.
Appendix Al provides details on the drilling locations and any deviations from the Work Plan.
By agreement before field work began, offsets were designated as wells that could be completed
within a 10-foot radius of the location specified in the Work Plan, and were necessary because
of the field access problems. Because of the small size of certain IHSSs in OU1, it was felt that
attempts located fa;ther than this distance would not serve the original objective.

All borehole, piezometer, and monitoring well locations were drilled using 6-1/2-inch outside-
diameter (0.d.) augers. Mechanically drilled boreholes along with bedrock piezometer and
monitoring well locations were drilled approximately 3 feet into bedrock. Alluvial piezometer
and monitoring well locations were drilled to the bedrock contact. Alluvial piezometer and

monitoring well locations were then reamed with 11-5/8-inch o.d. augers. After reaming,
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alluvial boreholes were drive-sampled at least 2 more feet into bedrock to avoid smearing
bedrock clays upward on the borehole walls. Bedrock boreholes were reamed with 14-inch o.d.
augers. Wellpoint locations were drilled using 4-inch o.d. solid steel augers, with the stainless-

steel wellpoints driven to total depth with a drive hammer.

Continuous core samples were taken during drilling using a 2-1/2-inch i.d. split-spbon sampler.
Composite samples were collected at both borehole and monitoring well locations. Composite

samples consisted of material peeled from the core recovered in each of three consecutive 2-foot

drilling runs. The peeled material, typically 1/4 to 1/2 of the core, was homogenized in a bowl .

and then placed into sample containers such that the material in each sample container was
representative of the entire 6-foot interval. For each composite sample a corresponding
radiological screening sample was also collected from the material in the bowl. At monitoring

well locations, each 6-foot composite sample consisted only of a radiological screening sample.

For VOC and geotechnical sampling, a stainless-steel sleeve was placed at the lead end of the
split-spoon sampler. At borehole locations, VOC samples were taken at the base of the first 2-
foot run and every 4 feet thereafter until either the water table or the bedrock contact was
encountered. In addition, one VOC sample was collected directly below the water table, and
one directly below the bedrock contact. At monitoring well locations, VOC samples were
collected only at the water table and bedrock contact depths. For each VOC sample; a
corresponding radiological screening sample was also.collected at the same depth. Radiological
screening samples were taken at all sampling locations to determine whether or not it was

appropriate to ship samples off site for analysis.

Geotechnical and TOC samples were taken at 11 locations in OU1. While geotechnical samples
were taken from discrete intervals, TOC samples were taken as composite samples from up to
6 feet of continuous core. All of the TOC samples were screened for the possibility of

radiological contamination.

VOCs were the only compounds analyzed at monitoring well, piezometer, and pilot hole
locations. Analyses of samples from borehole locations included VOCs, SVOCs, including acid

and base/neutral extractables and pesticides/PCBs; RADs; metals; and inorganic compounds,
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including "indicator parameters.” Table 2-5 presents the chemical analyses run on soil samples
at each of the borehole, monitoring well, piezometer, and pilot hole locations. Some samples
originally intended to be collected were not obtained, generally because of poor recovery.
Sample collection is discussed in detail in Appendix Al. Table 2-6 presents the list of analytes

for soil sample analyses.

As prescribed by the Work Plan, additional samples collected during the Phase IO field
investigation included samples of effluent from the Building 881 foundation drain as well as
samples of Coherex, a dust suppressant previously used at OUl. Foundation drain effluent
samples were collected by lowering a bailer down through a manhole access located
approximately 150 feet south of Building 881. Coherex was sampled by pouring material

directly from the storage drum into sample containers.

2.3 AIR QUALITY AND METEOROLOGICAL INVESTIGATIONS

Meteorological data collected for this report are based on the primary wind site at RFP, the
61-meter tower located in the west buffer zone. The tower is instrumented at 10, 25, and 60
meters to measure horizontal wind speed, vertical wind speed, wind direction, and temperature.
" Dew point measurements are made at the 10-meter level. Solar radiation measurements are
taken by a radiometer mounted on an unobstructed platform at 1.5 meters above ground level.
Ground level precipitation and pressure are also measured. Meteorological information in this

report represents 96% data recovery from the 61-meter instrumentation.

Air monitoring programs have been conducted at RFP since the early 1950s. The plant currently
incorporates air quality programs to protect the plant employees, the general public, and the
environment through appropriate engineering, administrative controls, and subsequent monitoring
and assessment of fhe impact to the air from both radiological and nonradiological sources. As
part of this effort, a sitewide sampling program following Air SOP AP.13, Radioactive Ambient
Air Monitoring Program (EG&G, 1991a), is ongoing to monitor for potential airborne dispersion
of radioactive materials from RFP into the surrounding environment. This program consists of
51 RFP-designed, high-volume air samplers located throughout the plant site and the community.
Data from this network are presented at monthly data exchange meetings held jointly with RFP,
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CDH, and representatives from the surrounding communities. In addition, an annual RFP site
environmental report is published that includes all air monitoring data and associated impact
analyses. The latest issue of this annual report is dated 1991 and covers the period from January
through December 1990 (EG&G, 1991b).

Ambient air samplers that monitor airborne dispersion of radioactive particulates from OU1
include a combination of existing samplers from the RFP Radioactive Ambient Air Monitoring
Program, and four special high-volume samplers set up specifically for this project following Air
SOP AP.16, Restoration Projects Radioactive Ambient Air Particulate Sampling High-Volume
Methods (EG&G, 1991a). Data used to document particulate dispersion from OU1 operations
are from samplers S-9, S-10, S-11, S-17, S-23, S-38, S-39, and S-40 (Figure 2-2). Data from
sampler S-32 are included to represent an upwind, background location. Ambient air samplers,
designed at RFP, include a vortex-type, brushless motor that operates continuously at a
volumetric flow rate of approximately 0.71 actual meters®*/minute, collecting air particulates on
a 20- by 25-cm fiberglass filter. The four site-specific air samplers established for OU1 are
commercially available units that use a patented critical flow device to hold the sampling flow
rate at approximately 1.42 actual meters’/minute. Figure 2-3 shows the location of these four
high-volume samplers (S-81A, S-81B, S881C, and S-81D). Due to the continuous operation of
the air sampler, it has been necessary to replace the carbon brush motors on a weekly basis to
minimize sampler downtime. Filters for all OUl-related samplers were collected biweekly,
composited by location, and analyzed monthly for plutonium. Section 4 presents the data from

these samplers.

2.4 SURFACE WATER AND SEDIMENT INVESTIGATIONS

Surface water and sediment sampling are conducted on a monthly basis at RFP following Surface
Water SOPs SW.Oi, Surface Water Data Collection Activities, SW.02, Field Measurement of
Surface Water Field Parameters, and SW.03, Surface Water Sampling (EG&G, 1991a).
Table 2-7 lists the chemical parameters for which sediment samples are